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A. Specific Aim & Hypothesis 

Aim: To measure and analyze energy expenditure and 
representative lower limb muscle activity of individuals 
during sustained periods of riding a novel, electrically-
powered Summer Board®. 

Hypothesis: Control of balance and posture required to 
maneuver a Summer Board® will require significant 
energetic and muscular output by individuals that provide 
moderate intensity exercise. 

 

B. Background & Significance 

Introduction  

 Analysis of respiratory gas exchange, metabolic 
rate, and muscular output in sports and common physical 
activities have been widely documented due to the utility 
of understanding the physiological requirements of various 
forms of exercise. Devices that accurately track 
cardiopulmonary expenditure and muscular activity have 
enabled researchers to provide indexes of the intensity and 
physiological characteristics of numerous physical 
activities, yet current literature is primarily restricted to 
laboratory settings1,2. As an effect, there is limited data 
representative of the energetic cost and muscular trends 
involved with many extreme sports and recreational 
activities3. However, recently novel technology provides 
portable, continuous measurement of respiratory 
exchange, heart rate, and muscular output that enables 
more practical and robust analysis of activities and 
parameters in free-living situations. 

While measurement of the physiological and 
performance characteristics of snowboarding are limited, 

 

preliminary data suggests board control, maneuvering, and 
balance require sustained muscular and energetic 
expenditure while riding, and performance of front- and 
back-side turns recruits significant lower limb muscle 
contraction3,4. New Leif Tech Summer board® devices are 
6-wheeled street board designed to emulate the mechanics 
and riding feel of snowboards, and if successful provide a 
potentially valuable form of exercise. While speed of the 
device is controlled with a handheld wireless remote, the 
Summer board contains two omnidirectional center-wheels 
that enable 360 degree-rotation and sideways turns, as well 
as a board deck designed with similar flexibility and tilt as 
alpine snowboards. This structure requires similar bodily 
control to maintain balance, and muscle recruitment 
necessary for carves, turns, and stops, as alpine 
snowboarding5. Previous studies suggest that aerobic 
capacity (VO2max, metabolic threshold) is not correlated 
to performance in alpine snowboarding, while absolute 
and relative muscular power output played a significant 
role snowboarding performance4. Furthermore, surface-
EMG measurements of mean muscle activation indicate 
significant activation of outer-leg muscles during backside 
turns, and inner-leg muscles during frontside turns6 (see 
appendix C.1). Assuming the Summer board recruits 
similar physiological activity, energetic and muscular 
activity similar to snowboarding may be recruited despite 
the external power source. 
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C. Research Design & Methods 

C.1. Experimental Overview 

Study Scope 

 Currently, measurement of cardiopulmonary gas 
exchange provides the most accurate description of 
ventilatory exchange measures including relative and 
absolute VO2, and precision in supplementary metrics 
including energy expenditure8. Gas exchange analysis has 
been used to precisely assess descriptive respiratory and 
metabolic measures in a growing number of physical 
activities, yet the majority of measurement devices remain 
immobile limiting analysis of highly mobile activities. The 
recently developed PNŌE® portable cardiopulmonary 
device provides a small, portable breath-by-breath gas 
analyzer that automatically uploads data via Bluetooth, 
which enables measurement of free-range activity such as 
riding Summer board® devices. This  device will be paired 
with Athos® surface-EMG garments, which will record 
muscle activity of lower limb muscles that reflect high 
output in alpine snowboarding measurements. By breath-
by-breath cardiopulmonary expenditure and continuous 
muscular activity measurement in individual’s activity 
riding the Summer board energetic, aerobic, and muscular 
will be measured.  

 Additionally, in order to compare this activity to 
similar exercise, measured cardiopulmonary performance 
variables will be used to calculate a predicted Metabolic 
Equivalent (MET) value corrected relative to both VO2 
and energetic expenditure. Comparison of reasonably 
accurate MET values vis-à-vis that of alpine sports such as 
snowboarding and skiing, as well as aerobic exercise such 
as running, will provide a qualitative understanding of the 
relative intensity of this exercise. Cardiopulmonary data 
will be used to highlight any significant patterns observed 
to assess the relative intensity of exercise, and compared to 
trends in alpine snowboarding to determine the activity’s 
similarity to snowboarding. 

 

Protocol (Summary, see Appendix A.) 

This was a prospective, exploratory study using apparently 
healthy, aerobically-trained individuals with relative 
experience in snowboarding in the UCLA and Los Angeles 
community. The study utilized a portable gas analyzer, 
heart rate monitor, and surface-EMG garments to track 
performance measures in individuals during sustained 
periods of riding Summer board devices. Participants 
underwent (i) initial training on the operation and  

 

performance of riding Summer boards during initial visits, 
followed by (ii) a period of free-living training, and finally 
(iii) performance assessments of selected cardio-respiratory 
and muscular activity metrics. Individual data was collected 
during periods of riding in a pre-determined closed area 
were used to identify general muscle activation trends, 
caloric expenditure, and cardio-respiratory trends. Using 
this information, predictions of the relative intensity and 
muscular activity required by riding Leif Tech Summer 
boards were made.  

 

Initial Summer board Device Training and Free-Living 
Training 

The initial instruction of operation of the Summer board 
electric-motor system and riding technique were given to 
subjects during a single visit prior to performance testing. 
Subjects were taught all safety components and operational 
procedures described by Summer board experts within the 
research laboratory, followed by a roughly hour-long 
session of active instruction while riding the board on a 
selected campus location. Subjects were then instructed to 
watch instructional videos posted by Leif Tech, followed 
by guided practice of instruction the videos provided on 
mechanics of turning and sliding.  

 

Performance Assessment Calibration 

Each subject first underwent calibration measurements 
with the Athos system, calibration will include the EMG 
system analyzing maximum voluntary contraction of the 
muscle groups that will be studied (inner and outer 
quadricep, biceps femoris, gluteus maximus). Additionally, 
prior to each individual assessment, the gas analyzer of the 
PNŌE device was be calibrated against ambient air 
conditions by researchers. Following PNŌE calibration 
the proper mask size will be placed on subjects, and 
instruction on test procedures will be given. 

 

Post-Calibration Performance Assessment 

Subjects were prompted to perform a brief warm-up 
period on the Summer board consisting of limited turns, 
with no measurements recorded. Then prior to the testing 
phase the “exercise” period was initialized on the PNŌE 
Bluetooth measurement application to collect resting 
conditions, accompanied by the initialization of Athos 
Bluetooth application recording. Donning Athos 



undergarments and the PNŌE device and mask, subjects 
performed roughly 10 minutes of actively riding the 
Summer board while powering the device with the 
Bluetooth handheld-controller. During this period subjects 
were prompted to perform constant turns and carves that 
require postural and balance control. Continuous as-
exchange measurement was recorded by the PNŌE 
device, which uploaded ergometry data to the PNŌE 
platform (see Appendix B.1. for measured parameters, B.2. 
for accuracy). Average statistic values were obtained from 
reported metrics for evaluation of estimated cardio-
respiratory expenditure requirements. Percentage of 
voluntary muscle contraction (%MVC) was continuously 
recorded by Athos surface-EMGs and uploaded to the 
Athos mobile app. Peak %MVC per-individual run was 
extracted for evaluation of muscular activity requirements. 

 

C.2. Equipment 

1. Leif Tech” Summer board” electric-skateboard 
with fully-charged 2000-W battery 

2. Summer board handheld wireless Bluetooth 
remote  

3. PNŌE portable metabolic gas analyzer device  
a. Main PNOE gas analysis compartment 

and carrying pack 
b. Gas analysis compartment battery 
c. Portable back-up power bank 
d. Elastic fitted mask 
e. Detachable flow sensor 
f. Flow sensor filter 

4. Polar® Mobile heart rate monitor  
5. iPhone 7 PNOE Bluetooth application 
6. Athos Surface-EMG lower leg garment 
7. iPhone 7 Athos Bluetooth application 
8. Helmet, wrist plates, elbow pads 

 

C.3. Subject Recruitment and Retention 

Recruitment of potential study subjects will be performed 
by direct email solicitation and social media (i.e., Facebook 
and Twitter). Interested individuals will be provided with a 
full overview of the study procedures as well as the study 
consent form. Informed consent will be obtained after 
discussing the study procedures in detail, including the 
voluntary nature of participation and notification that the 
subject can withdraw at any time. Upon the subject’s 
agreement to participate, a signed copy will be given to the 
subject.   

 

C.3.0 Inclusion Criteria: 

• Men or Women with moderate-expert experience 
alpine snowboarding. 

• Physical ability to meet the exercise requirements 
of the study protocol. 

• Measurements fitting the Athos garments: chest 
and hip circumference of 38-43.5 inches, 68 to 77 
inches tall. 

• Ability to perform periods of free-living training 
prior to testing phase 

C.3.1. Exclusion Criteria: 

• Any significant medical diagnoses, including 
cardiovascular or pulmonary disease that may 
limit ability to exercise or increase the 
cardiovascular risk of exercising.  

• Lack of substantial snowboarding experience 

 

C.4. Interpreting Data 

Following data collection, selected performance 
measurements divided into three primary domains were 
obtained: (i) recorded ergometry variables, (ii) recorded 
maximal voluntary contraction (MVC) of representative 
lower-limb muscles, and (iii) derived Metabolic Equivalent 
(MET) values. Both recorded domains were continuously 
measured by portable devices during each individuals’ test 
phase, and automatically uploaded to online and mobile 
platforms for further analysis. Derived MET values were 
obtained using average energy expenditure and VO2 
(mL/min) in order to compare to those previously 
documented for similar physical activities 

Ergometry 

Continuous data measured by the PNŌE cardio-metabolic 
gas analyzer and Polar portable heart-rate monitor 
automatically uploaded the PNŌE web interface for 
individual runs. Data was reported over time, and the 
following variables were used for analysis: mean Energy 
Expenditure (EE, kcal/min), max Heart Rate (HR, bpm), 
peak absolute VO2 (L/min), mean relative VO2 
(mL/kg/min), and mean Respiratory Exchange Ratio 
(RER, mLCO2/mLO2). Regions of steady-measurement 
on graphs of EE, VCO2, and VO2 were used to identify 
substantial periods in which individuals performed steady-
state exercise. Measurements recorded near the beginning 
of the test phase were disregarded to eliminate association 
with warm-up or acquainting with the device (refer to 
appendix C.2). Once steady-state regions were identified, 
mean values of the indicated interval were extracted as 



estimates of average performance values. Measurements 
were then averaged between all recorded trials, and 
reported as mean values. 

Lower-Limb Muscle Output 

Peak power outputs of major lower-limb muscles during 
each run was measured by Athos surface-EMG garments 
and automatically uploaded to the mobile application. 
Muscle output of the left and right quadrant of each lower-
limb muscle was reported as the peak %MVC relative to 
maximal contraction that was recorded over the duration 
of the test (Appendix C.3). Both individual and average 
%MVC across all trials was reported for each represented 
muscle group, and data was analyzed to identify patterns in 
intensity of specific muscles, as well as characterize the 
overall muscular output observed. 

Derived Metabolic Equivalent (MET) 

One MET is defined as “the ratio of the working 
metabolic rate to the resting metabolic rate” by the 
compendium of physical activity, which provides a 
representative index of the intensity of various forms of 
exercise (MET article). METs originally assigned to 
physical activities within the compendium do not account 
for age, weight, height, or lean body mass and therefore do 
not provide accurate calculation of the energetic and 
respiratory requirements, however corrected derivations 
using either EE of VO2 values provide more accurate 
representation of activity1. Furthermore, comparison of 
MET values derived from EE and VO2 measurements 
enables a qualitative rating of undocumented exercises 
relative to others. Mean EE and relative VO2 were both 
used to calculate all subjects’ associated MET values—thus 
controlling for variation in weight—and mean MET 
among all subjects was calculated for both metrics (refer to 
Appendix C.4.i.). MET values were then used to evaluate 
the intensity of exercise relative to the standard MET scale 
(refer to diagram C.4..ii.).  

C.4. Research Oversight 

All tests will be administered by trained personnel from 
the UCLA Exercise Physiology Research Laboratory. 
Instructional training and supervision of Summer board 
riding will be administered by experienced users. 

 

C.5. Facility  

The Exercise Physiology Research Laboratory is located at 
the David Geffen School of Medicine on the main 
(Westwood) UCLA campus. The research facilities 
comprise three separate but closely adjacent spaces 
(totaling over 2,500 ft2) on the south part of campus in the 
Center for Health Sciences building across from the world 
renowned Ronald Reagan UCLA Hospital. The EPRL 
comprises two clinical laboratories and applied exercise 
physiology laboratory (UC Fit).  It includes exam rooms 
for recruitment activity and for study visits as well as blood 
and tissue sampling, a lab for human health and 
performance assessment, a spirometry lab, and wet lab for 
blood and tissue biospecimen preparation. Acute exercise, 
blood draws and biopsy procedures, and exercise training 
can all be performed in these laboratories. There are 
private offices for participant encounters or private 
telephone and face-to-face interviews. All laboratory 
personnel are certified by the American College of Sports 
Medicine (ACSM) for exercise testing.  

The applied exercise physiology laboratory, UC Fit, under 
the direction of Dr. Brett A. Dolezal, underwent a major 
expansion in 2009 with the award of a $5 million contract 
from the US Department of Homeland Security Science 
and Technology Directorate for a project entitled 
Physiological Health Assessment System for Emergency 
Responders (PHASER). This project involved 
collaboration between the Schools of Medicine and 
Engineering at UCLA and led to the development of a 
Digital Health Network, which has been used in multiple 
research projects to implement remote monitoring and 
guidance of exercise testing and training in first responders 
and the like throughout the country. UC Fit is equipped 
with state-of-the-art fitness equipment and a wide variety 
of novel-experimental digital health wearables and stand-
alone devices.  

The closed-area used for testing will be located in the 
upper parking lot located at Sunset Village in the 
residential area of UCLA campus. This parking lot was 
pre-determined by adherence to the following safety 
guidelines: at least 200m x 200m of open, flat space; 
limited to no pedestrian traffic; extremely limited to no car 
traffic; smooth pavement surface spanning the entire area; 
open view for researchers to supervise testing. 

 

  



  

D. Results & Discussion 

 

D.1. Results 

All subjects successfully completed sustained periods of 
riding Summer Board devices. Given the limited number 
of subjects, overall trends in selected performance 
measures were evaluated and descriptive statistics were 
calculated for analysis, while MET values were derived to 
compare exercise intensity with other exercises. The results 
are presented as follows. 

 

 

D.1.A. Ergometry 

 Cardiopulmonary measures were successfully 
recorded over steady-state in all trials (Table 1). Significant 
energetic expenditure (EE) was measured in all individuals, 
with the minimum average of 9.0kcal/min for an 
individual. A mean of 11.78  2.704kcal/min was calculated 
between all subjects by providing equal weight to all 
individual averages. Mean EE measurements were then 
used to derive mean-estimate MET value using a method 
that controlled for weight (Figure 1), yielding an estimate 
MET value of 9.9042.74 with respect to EE. Additionally, 
a mean relative VO2 of 32.0210.0mL/kg/min was 
observed across the trials. This average was used to 
derived mean MET, yielding a value of 9.152.91 with 
respect to mean relative VO2 calculated across all subjects. 
The MET values were used to compare the relative 
intensity.

Table 1. Calculated Ergometry Metrics Relative to Subject 

Subject 
ID 

Wt. 
(kg) 

Ht. 
(cm) 

Age  Forward 
Foot 

Mean EE 
(kcal/min) 

Max 
HR 

(bpm) 

Mean 
RER 

abs. VO2 

(L/min) 

rel. VO2 

(mL/kg/min) 

1 65 173 21 Left 9.0 185 0.9 1.90 23.1 

2 64 172 22 Left 13 174 1.07 2.75 40 

3 84 180 22 Right 9.2 94 0.9 1.60 22 

4 81 185 37 Right 12.3 160 1 2.45 30 

5 70 173 21 Right 15.4 161 0.92 3.39 45 

Mean - - - - 11.78 154.8 0.95 2.42 32.02 

 

D.1.B. Muscle Activation 

Lower-limb muscular activity was successfully measured in 
4 of 5 trials, reported as the peak %MVC measured over 
the entire test run, relative to maximum voluntary 
contraction recorded per individual during calibration. 
Peak MVC was reported for measured muscle groups 
(Inner-quadricep = IQ, outer-quadricep = OQ, hamstring 
= HS, gluteus maximus = GlM), separated by left and 
right limb as displayed in figure 2. Mean %MVC 
measurements were divided with respect to individuals’ 
stances, as frontside and backside muscle activity was 

grouped (Table 3). Substantial mean peak activation was 
observed in both divisions of IQs, as mean %MVCs of  
106.763.1 and 117.381.1 were observed for frontside and 
backside legs, respectively. Additionally, the mean %MVC 
of 6316.5 recorded in backside OQs was 11.7% greater 
than that observed in inner OQs, with a mean of 51.311.2. 
The observed activation of frontside OQs reached only 
81.4% of that observed in backside limbs, yielding the 
highest relative difference between legs. Across all 
represented muscle groups, a minimum average of 
45.625.7 %MVC was measured relative to maximal 
contraction while standing. 

 

  



 

Figure 1. Corrected MET Values 

Corrected relative to EE 

S.1: MET = (9.0kcal/minx60min/hr)/65kg=8.44kcal/kg/hr = 8.44  

S.2: MET = (13kcal/minx60min/hr)/64kg=12.2 kcal/kg/hr = 12.2  

S.3: MET = (9.2kcal/minx60min/hr)/84kg=6.57 kcal/kg/hr = 6.57  

S.4: MET = (12.3kcal/minx60min/hr)/81kg=9.11 kcal/kg/hr = 9.11  

S.5: MET = (15.4kcal/minx60min/hr)/70kg=13.2 kcal/kg/hr = 13.2  

 Mean MET: 9.904 

 

Corrected relative to mean VO2 (mL/kg/min) 

S.1: MET = 23.1mL/kg/min / 3.5 = 6.6  

S.2: MET = 40 mL/kg/min / 3.5 =11.43  

S.3: MET = 22 mL/kg/min / 3.5 = 6.29  

S.4: MET = 30 mL/kg/min / 3.5 =8.57  

S.5: MET = 45 mL/kg/min / 3.5 =12.86  

 Mean MET: 9.15 MET 

 

Table 2. Peak Muscle Activation (%MVC) 

 IQ OQ HS GlM  

Left (L) or Right 
(R) 

L R L R L R L R Subject 
Experience 

1 261 287 161 159 55 56 40 35 Novice 

2 174 207 61 64 51 42 40 35 Low 

3 96 97 79 54 75 72 75 88 Low 

4 65 49 46 39 30 28 27 29 High 

5 - - - - - - - -  

Inner-quadricep = IQ | Outer-quadricep = OQ | Hamstring = HS | Gluteus Maximus = GlM 

Novice = less than 2 weeks experience | Low = 1-2 months experience; skilled snowboarding | Medium = 2-6 months experience |  

High = 1+ year experience (Labels provide relative range; assignment based on multiple factors) 

 

Table 3. Mean peak Muscle Activation (%MVC) with respect to stance 

 IQ OQ HS GlM 

Frontside (F) or 
Backside (B) Leg 

F B F B F B F B 

Mean 106.763.1 117.381.1 51.311.2 6316.5 50.322.0 4923.3 52.331.4 45.625.7 

 

 



 

D.2. Discussion 
 This exploratory study evaluated steady-
state cardiopulmonary trends and peak lower-limb 
muscle activation across periods riding Summer 
Board devices, and found the activity to require 
intense exercise as well as significant upper-leg 
muscle contribution. The descriptive statistics 
calculated provided an index of the physiological 
patterns within the cohort, and significant rates of 
energy expenditure and ventilation reflected a 
riding Summer Boards to be a high-intensity 
exercise. Furthermore, the exercise was 
determined to require significant upper-leg muscle 
exertion, and patterns in muscle activity between 
regions of the legs similar to that of alpine 
snowboarding. These results validate predictions 
that significant energy expenditure and muscular 
output would be required. 

 Both individual EE rates and the mean 
EE calculated among all individuals indicated that 
this activity provides a significant form of caloric 
expenditure, and vigorously intense steady-state 
exercise. Average EE (kcal/min) for individual 
runs was able to be measured over a steady-state 
period due to the continuous nature of gas 
exchange rates (VO2, VCO2) and heart rate 
throughout the span of activity, which indicated 
that exercise intensity remains constant while 
riding on a uniform surface. Given the small 
sample, both the minimum EE value of 
9.0kcal/min across all individuals and the mean 
EE rate 11.78  2.704kcal/min were evaluated in 
order to provide the lower-limit and average 
estimate. Given the wide range of physiological 
profiles in subjects, the wide distribution of the 
mean EE rate was largely attributed to the 
variation in age, weight, lean body mass, aerobic 
fitness, and skill-level represented. As the average 
of steady-state periods observed was 2.96 minutes, 
this activity was evaluated relative to other steady-
state exercise due to the potential to sustain the 
observed exertion for significant time.  

 The observed EE values suggest the 
Summer Board to provide a beneficial form of 
intense physical exercise. Given the limitation in 
past measurement of exercises similar to riding 
street boards, the data recorded was used to 
compare a derived MET value to those 
representing past research on common exercises 

in the Compendium of Physical Activity1. The MET 
values derived from EE from both the minimum 
and mean EE, 9 and 9.904 respectively, were 
markedly high. According to the Compendium, 
METs are used to reflect the energy cost of 
exercises through a ranking system (Appendix 
C.4.ii.), and as a relative value of comparison.  
Both minimum and average MET derived for the 
Summer Board were compared to those 
documented for common exercises, and as 
displayed in table 1 both values place the activity 
within the vigorous intensity category. 
Furthermore, the raw score reflects that riding this 
device has higher energetic demands than other 
vigorous-intensity exercises that hold similar 
steady-state demands. As a representative index of 
the metabolic demands associated with an 
exercise, the prospective MET value derived from 
this sample’s EE data displays that despite the 
external power, riding a Summer Board can 
provide exercise with intensity similar, or 
potentially higher, than many common aerobic 
training. 

 The relative VO2 was assessed to reflect 
the aerobic requirements in riding the Summer 
Board, and indicated significant aerobic activity 
that exceeded predictions based on snowboarding 
measurements. Previous literature that measured 
gas exchange in elite alpine snowboarders found 
that VO2max was not correlated to performance, 
and aerobic expenditure in snowboarding was not 
significant4. Given that Summer Board riding is 
intended to reflect snowboarding, the mean 
relative VO2 of 32.02mL/kg/min measured in 
Summer Board riders reflected a rate of 
respiration higher than expected. The MET value 
of 9.15, corrected with respect to VO2, illustrates 
that this exercise meets a vigorous intensity level 
in terms of respiration in addition to energy 
expenditure. As this MET is still greater than that 
of running, bicycling, and other steady-state 
cardio-training (Table 1), it reflects the high 
aerobic cost of riding Summer Boards.   

 While based on limited measurement, the 
difference in respiratory trends between 
snowboard and summer board activity suggests 
difference environment to cause a leading 
difference in physiological patterns between the 
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Figure 2. Comparison of metabolic 
equivalents between Summer Board 
riding, common vigorous intensity 
exercises & alpine snowboarding

two. Snowboarding requires uneven rates of 
turning to maneuver highly variable and uneven 
mountain terrain as well as manage speed. In 
contrast, Summer Boards are ridden on open 
pavement and speed is controlled by a remote, 
which enables riders to focus on performing 
continuous turns and carves. While individuals 
may turn at varying rates, the style of riding 
observed in this study indicated subjects could 
perform a high frequency of carving relative to 
that in snowboarding. Given the high muscle 
activity observed in snowboarders that is primarily 
attributed to performance of turns4, the frequency 
of turns in Summer Board riders may serve to 
require higher metabolic expenditure, and in turn 
respiratory contribution. As the MET derived 
from VO2 is representative of respiratory intensity 
is only 0.75 less than that for EE, riding Summer 
Boards can be characterized as a vigorously 
intense metabolic and aerobic exercise, with data 
indicating greater activity requirements than alpine 
snowboarding. 

 Measurements of muscle activity patterns 
in Summer Board riders displayed similar patterns 
to that previously recorded in alpine 
snowboarders reflect the similarity lower-limb 
mechanics required in both activities. While Athos 
surface-EMG data observed in this study was not 
recorded for all trials, and garments only covered 
above the knee (therefore not measuring calf 
activity), they reported extremely high mean peak 
muscle activation on both sides of OQs and IQs. 
The surface-EMG recordings conducted on alpine 
snowboarders displayed that the average %MVC 
across turns was greater in both inner- and outer-
quad muscles of individuals’ backside legs 
(Appendix C). Given that peak %MVC in both 
OQ and IQ among Summer Board riders was 
higher in backside legs as well, the degree of rear-
leg control appears similar in the two activities. 
Previous upper-leg surface-EMG recordings of 12 
alpine snowboarders indicated backside legs 
exhibit asymmetrical muscle exertion 9.9% higher 
(%MVC) than that of front legs, and 11.7% 
greater activation observed in backside legs in 
Summer Board subjects displayed that both styles 
of riding require similar levels of leg contribution 
and thus indicate the similarity technique. 

 Figure 2 displays the derived METs 
associated with Summer Board riding (orange) 

from this study relative to common vigorous 
intensity activities (blue) and various levels of 
alpine snowboarding (purple), both groups drawn 
from the compendium of physical activities. Past 
research conducted on alpine snowboarders has 
enabled a scientific consensus on MET values 
associated with light and moderate effort alpine 
snowboarding, yet the vigorous effort MET value 
of 8 is an estimate, based on snowboarding and 
skiing data, due to the lack of past research 
measuring performance on high-skill terrain2. 
Given the lack of previous measurements of 
Summer Board performance, the standard effort 
of exertion between all subjects is represented by 
all 3 MET values, yet all remain higher than those 
for snowboarding. As values generalized for all 
participants of these physical activities, METs 
display the potential levels of intensity one can 
reach, and the intensity observed in Summer 
Board riders suggests higher aerobic and energetic 
activity relative to all levels of snowboarding 
effort. 

Given the prospective data collected, the mean MET 



value for EE can be applied to estimate the calories an individual burns while riding a SB, using a formula 
specific to individuals’ specific physiological characteristics as follows:  

___________________________________________________________________________________ 

Corrected MET = 9.9704(MET, Summer Board) x  

Harris-Benedict equation 2 for RMR: 

Male = ( 66.47 + 5.0033 (Height cm) + 13.7516 (Weight kg) – 6.7550 (Age yr) )  

Female = ( 655.0955 + 1.8495 (Height cm) + 9.5634 (Weight kg) – 4.6756 (Age yr) ) 

Corrected MET = 9.9704 x  

 

 

Harris-Benedict RMR (ml/kg/min):  
(kcal/day)1440 = kcal/min || (kcal/min)5 = L/min || (L/min)(Weight(kg) x 1000) = ml/kg/min 

EE (kcal/min) = () x Weight(kg) 

Total calories (kcal) = EE (kcal/min) x total time (s) 

Total calories burned (kcal) =() x Weight(kg) 

___________________________________________________________________________________ 

 This equation follows the Harris-Benedict 
equation, as it provides the equivalent of 1 MET 
relative to VO2—a proxy value for resting 
metabolic rate (RMR), that is then corrected with 
respect to individual gender, height, weight, and 
age15. The RMR that is derived represents caloric 
expenditure in a day, given an individual is at rest, 
and as MET represents metabolic rate by resting 
rate, this ratio is used to convert standard METs. 
As the Harris-Benedict derivation accounts for 
various physiological characteristics that impact 
physical fitness and capabilities an accurate 
estimate of calories burned over a period at a 
specific intensity is accessible, provided their 
physiological information. The reliability of the 
corrected MET value in reflecting caloric 
expenditure is extremely high, as previous studies 
conducted on applied MET value found the 
Corrected MET formula to yield the highest 
accuracy and average only -.02 difference from 
MET measured prior to estimates. This equation 
is standardized and therefore is an estimate, yet 
provides a descriptive explanation of the caloric 
cost users will engage in (see Appendix D for 
example of user input). 

 This study was limited by a small sample, 
and insufficient %MVC measurement in one of 
five subjects due to device error. The effects of 

the small observed cohort were seen through the 
large standard deviations were observed in mean 
%MVCs (Table 3), the primary metabolic rates 
analyzed (EE and rel. VO2). While the high level 
of variation in performance measures reported 
among individuals undoubtedly reflects the 
random effects of a small sample pool, this neither 
disproves the degree of intensity observed nor 
accounts for all sources of variation. First, by 
accounting for minimum observed EE in deriving 
MET and reporting all descriptive measures both 
individually and as a mean in order to provide an 
index of metabolic and muscular requirements for 
every subject, we were able to analyze data 
representative of a wider range. Furthermore, wide 
variation observed in respiratory and metabolic 
rates, EE and VO2 were expected due to the range 
of age, physiological profiles, and experience 
riding the Summer Board represented by subjects. 
Cardiopulmonary expenditure could also vary 
relative to physical fitness and general respiratory 
training. Differences in muscle activity among 
subjects measured by %MVC was expected due to 
variation in experience. As indicated in table 2, the 
level of muscle activity measured generally 
decreased as the subjects experience riding 
Summer Boards increased. Given the high 
postural and body control necessary to 
compensate for inferior technique while turning, 



carving, and sliding reported by subjects, less 
experienced riders would require more lower-limb 
muscular output. While the weight of specific 
influences on the variation in performance 
measures observed between individuals is 
unknown, the small sample reflected substantial 
caloric, metabolic, and muscular activity while 
riding the Summer Board. 

 The vigorous intensity of exercise and 
significant metabolic, respiratory, and muscular 
requirements that were observed in this study 
demonstrate the need to conduct turn-specific 
surface-EMG measurement, and longer steady-
state recordings, of subjects riding Summer Board 
devices. While the %MVC values obtained 
provided a qualitative description of the muscular 
patterns of this activity relative to that of 
snowboarding, data was limited to the observed 
peak across the entire period of riding and 
therefore the phases of turns cannot be directly 
associated with specific levels of muscle activation. 
Furthermore, steady-state was observed in all 
riders, the trials were limited to ten minutes and 
therefore the aerobic cost of longer riding periods 
is valuable information to characterize the 
expected duration of this exercise.  

 This study reflects the role of Summer 
Board devices in providing an extremely beneficial 
form of vigorous intensity exercise to users that 
would not be otherwise understood, which 
exhibits the value future measurement of 
cardiopulmonary and muscular performance 
metrics can provide in understanding forms of 
physical activity. As of 2010 only one third of 
Americans met the recommended amount of 
weekly exercise according to the U.S.D.H.H.S.10, 
and given that physical activity is a leading 
contributor in chronic disease prevention, 
personal wellness improvement, and maintenance 

in mental health11, the need to decrease sedentary 
behavior is widespread. A recent article 
investigating the effects of regular Leisure-Time 
Physical Activity (LTPA) on all-cause mortality 
among more than 300,000 subjects found that 
those who performed LTPA (which the CDC 
defines as either 30 minutes of moderate exercise 
at least 5 times a week or 20 minutes of vigorous 
exercise at least 3 days a week12) at least 2-8 hours 
per week in adulthood had a 42% lower risk of 
mortality than inactive individuals. Furthermore, 
those who increased LTPA in later stages of life 
had mortality risks as low as those who had 
maintained similar LTPA13. Given that leisure-
time physical activity provides a beneficial way to 
not only promote physical activity but improve 
health even later in life, understanding the 
intensity and physiological requirements of 
activities such as riding a Summer Board can 
provide a public understanding of the aerobic and 
muscular benefit to doing so. As the gas exchange 
measurement device utilized in this study 
indicated that precise, practical cardiopulmonary 
performance metrics can now be recorded in free-
range environments, more activities should be 
evaluated, as identification of intense exercise may 
provide new forms of exercise to discourage 
sedentary activity. While similar activities may be 
identified, the Summer Board yields a highly 
valuable form of intense exercise due to its aim 
towards recreation and role in transportation. 
Whether this board is primarily utilized as a form 
of transportation giving the high-speed battery, or 
used for regular recreation, if riding is sustained 
similar to the mode observed across the sample 
riders can perform intense exercise for multiple 
purposes. Given the need to encourage physical 
activity in contemporary society, unconventional 
exercise such as riding the Summer Board device 
may provide useful sources of physical activity.  

 

 

 

 

 

  



Table 1. MET Values of Summer Board (rel. EE) Relative to Common Activities      
Previously measured MET values were obtained from the Compendium of Physical Activity for all activities other than Alpine 
Skiing/Snowboarding, obtained from the Winter Compendium of Physical Activity, indicated by an asterisk. MET values derived for riding 
Summer Boards are described in bold italics. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Physical Activity MET 

Light Intensity Activity <3 

Sleeping 0.9 

Sitting 1.0 

Walking, 1.7mph, level ground, strolling, very slow 2.3 

Walking, 2.5mph 2.9 

Moderate Intensity Activities 3 to 6 

Bicycling, Stationary, 50 watts, very light effort 3.0 

Calisthenics, general, light- moderate effort 3.5 

Walking, 3.4mph 3.6 

Bicycling, <10mph, leisure, to work or for pleasure 4.0 

Alpine snowboarding/skiing, downhill, light effort, active time only* 4.3 

Alpine snowboarding/skiing, downhill, moderate effort, general, active time only* 5.3 

Bicycling, Stationary, 100 watts, moderate effort 5.5 

Vigorous intensity activities >6 

Jogging, General 7.9 

Calisthenics (e.g. pushups, situps, pullups, jumping jacks), heavy, vigorous effort 8.0 

Running/ jogging, in place 8.0 

Alpine snowboarding/skiing, downhill, vigorous effort, general, active time only* 8.0 

Cross-country skiing, moderate speed (5-7mph), moderate effort 9.0 

Riding Summerboard, general, rel. EE (minimum) 9.0 

Riding Summerboard, general, rel. VO2 (mean) 9.15 

Riding Summerboard, general, rel. EE (mean) 9.9 

Jump roping 10.0 



Appendix A - Protocol 

1. Subjects will first visit UCLA Exercise Physiology Laboratory to review study criteria and 
procedures, and review informed consent 

2. Subjects will be trained on how to operate and ride the Summerboard device at a pre-
determined campus location 

a. Subjects will first be instructed on how to safely use the Bluetooth motor device 
b. Following safety and operational procedures subjects will be instructed then trained 

on the balance and postural mechanics of riding the device 
c. Training locations will meet the safety criteria (see C.5.) 

3. Following their initial visit subjects will be given a multi-week period of free-living training in 
order to get comfortable riding the Summerboard device prior to performance testing 

4. Prior to data measurement, each subject will first undergo calibration to the Athos Surface-
EMG garment and PNOE device 

a.  ATHOS: Once donning the Athos garment subjects will perform maximum 
voluntary muscle contractions and the EMG system will analyze maximal voluntary 
contraction for necessary muscle groups (outer and inner quadricep, gluteus 
maximus, hamstring) 

b. (i) Prior to PNOE mask fitting and placement, calibration of ambient gas conditions 
will be conducted using the mobile application; (ii) Correct mask sizes will be fitted 
to the subject, and the flow-measurement device placed on the mask; (iii) recording 
of the “exercise” period will be initialize with a 30 second rest period  

5. Data will be measured during a single 10 minute period during which the subject will ride the 
Summerboard within the closed area for roughly 10 minutes while performing slides and 
turns 

Following the testing phase, selected performance cardio-metabolic measures will be averaged 
from steady-state periods of measurements recorded on PNOE, and muscular trends will be 
observed from the Athos application 

6. Metrics include: 
a. Average caloric expenditure (kcal/min)  
b. Average Heart Rate (bpm) 
c. RER 
d. Average VO2 (L/min) 
e. Average VO2 (mL/kg/min) 
f. Corrected MET value  

 

 

 

 

 

 

 



Appendix B - PNŌE Cardio-Metabolic Analyzer 

1. Measured Parameters 

VO2 [ml/min] 
VCO2 [ml/min] 
RER Ventilation 
(VE) [L/min] 
Tidal Volume (VT) [L] 
Breathing Frequency (BF) [bpm] 
FeO2 [%] 
FeCO2 [%] 
FetO2 [%] 
FetCO2 [%] 
 

2. Technical Specifications 

Flow Sensor 
Sensing method: 
 MEMS Mass Air Flow Meter 
Range: 
          ±500 L/min 
Accuracy: 
         for flow range > 12.5% of full scale: ±1% of measured value 
         for flow range < 12.5% of full scale: ± 1.25 L/min Resolution 0.015 L/min 
Response: 
         time < 45 ms (from 50 to 450 L/min) 
  
Oxygen Sensor 
Sensing method: 
         Electrochemical O2 sensor 
Range: 
         1 - 100% O2 
Accuracy: 
         < 1% of measured value 
Resolution: 
         0.1% 
Response time: 
         < 130 ms (10–90% OS step change) 
  
Carbon Dioxide Sensor 
Sensing method: 
         Non-dispersive infrared (NDIR) absorption CO2 sensor 
Range: 
         0 - 20% CO2 
Accuracy: 
         ±70 ppm +/- 5% of measured value 
Resolution: 
         10 ppm 
Response time: 
         < 250 ms (from 0 to 5% CO2) 
 



Appendix C - Figures & Reference Data 

 

C.1. Muscular activity of selected muscles given as average along entire turn 
Surface-EMG recordings conducted on experienced alpine snowboarders by T. Falda-Buscaiot and F. Hintzy. 
Measurements were conducted on a 16 degree slope, thus the primary source of output was turning. 

 Muscle Activity (%MVC) 

TA GaM RF VL ST GlM 

Frontside Turn 29.4 59.5 9.9 25.3 17.0 21.4 

Backside Turn 72.8 34.7 11.4 31.4 19.8 14.9 

TA = Tibialis Anterior; GaM = Gastrocnemius Medialis; RF = Rectus Femoris; VL = Vastus Lateralis; ST = Semitendinosus; GlM 
= Gluteus Maximus 

 

C.1. Muscles referenced in  
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C.2. PNOE Graph Reporting 

 

 

C.3. Athos %MVC Reporting 

Reported to Athos mobile iPhone application as peak %MVC recorded over the entire measurement 
period (duration of test run for each subject) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



C.4. MET Values 

   

     i. Corrected MET values by EE & relative VO2 

             MET corrected with respect to energy expenditure rate:  
             1 MET = 1kcalkg-1hr-1 = (1kcal/min x 60)  kg 
   MET = EE x 60  wt.(kg) 

               Mean MET (overall among all individuals) = MET1+ MET2+ MET3+ MET4+ MET5  5 

  n = subject (MET calculated per individual, then mean determined) 

 MET corrected with respect to relative VO2 rate:  

              1 MET = 3.5mL(O2) kg-1min-1 = 3.5 x (mL/kg/min) 

   MET = rel. VO2  3.5 

 Mean MET (overall among all individuals) = (VO2 (1)+VO2 (2)+VO2 (3)+VO2(4) +VO2(5) )/5)3.5 

  n = subject (MET calculated using mean rel. VO2) 

 

    
    ii. United States Physical Activity Guidelines Advisory Committee MET Scale 
 
MET Scale: “physical activity intensities are defined as, light < 3.0 METs, moderate 3.0-5.9 METs, 
and vigorous ≥ 6.0 METs. For most activities, the intensity categories for standard and corrected 
MET values are similar. However, for activities with a standard MET level at the upper range of an 
intensity category (i.e., 5.8 METs, moderate intensity) or for persons with high body mass and older 
age, correction of the standard MET level may increase the intensity of an activity into the next 
higher category (e.g., 6.3, vigorous intensity).”14 

 

 
 
MET Value: ““The ratio of the work metabolic rate to the resting metabolic rate. One MET is 
defined as 1 kcal/kg/hour and is roughly equivalent to the energy cost of sitting quietly. A MET also 
is defined as oxygen uptake in ml/kg/min with one MET equal to the oxygen cost of sitting quietly, 
equivalent to 3.5 ml/kg/min.”1 

 

 

 

 

 

MET< 3.0 3.0MET< 6.0 MET6.0 

Light Intensity Exercise Moderate Intensity Exercise Vigorous Intensity Exercise 



Appendix D. Calorimetry Estimate Equation 

 

Corrected MET = 9.9704(MET, Summer Board) x  

 

Harris-Benedict equation 2 for RMR: 

Male = ( 66.47 + 5.0033 (Height cm) + 13.7516 (Weight kg) – 6.7550 (Age yr) )  

Female = ( 655.0955 + 1.8495 (Height cm) + 9.5634 (Weight kg) – 4.6756 (Age yr) ) 

 

Corrected MET = 9.9704 x  

 

Corrected MET = 9.9704 x   

 

Harris-Benedict RMR (ml/kg/min): 

(kcal/day)1440 = kcal/min || (kcal/min)5 = L/min || (L/min)(Weight(kg) x 1000) = ml/kg/min 

 

EE (kcal/min) =(( 9.9074 x  )  /  60s) x Weight(kg) 

Total calories (kcal) = EE (kcal/min) x total time (s) 

 

 

Caloric Expenditure Equation: 
 

Total calories burned (kcal) = 9.9074 x  time elapsed (s) 
 

 

User input: 

 GENDER: 

 AGE:  

 WEIGHT: 

 HEIGHT: 

 RIDING TIME:  

 
Application Output: Total Calories Burned (Estimated) 
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