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Abstract 

Aim  
The aim of the study was to examine the capability of accelerometers to estimate energy 

expenditure during high- intensity complex physical activity patterns.  

Also, to investigate whether placing the monitor on the hip or wrist influenced its prediction 

ability. Furthermore, the purpose was also to evaluate if there was a significant difference in 

the aforementioned estimations using data from one axis compared to all three axis combined.    

 

Method 
A total of 14 subjects, eight men and six women, mean (SD) age of 26, 4 (5,5) yrs were 

recruited for the study. The participants performed standardised aerobic exercise while 

accelerometer data and oxygen uptake was measured simultaneously. Two triaxial 

accelerometers (Actigraph GT3X) were worn on the hip and wrist during the experiment. 

Indirect calorimetry, using Oxycon mobile, was chosen as the criterion measure. Validity was 

determined by comparing accelerometer counts with estimated energy expenditure (EE) in 

kcal/min, derived from measured oxygen consumption, using bivariate Pearson correlation, 

linear regression and stepwise regression analyses. Equations were calculated using each 

participant’s individual regression analyses.  
 

Results 
The experiment reveals that GT3x presents a moderate correlation (r= 0, 47) for estimating 

EE from aerobics when worn on the hip and a weak correlation (r = 0.34) when worn on the 

wrist. However, when combined with the body mass variable, a strong correlation was found 

between accelerometer data for the hip and EE (r= 0.73). At both positions the vector 

magnitude (r = 0.47 for the hip and r = 0.34 for the wrist) yielded stronger correlations 

compared to just using the Y-axis (r = 0.15 for the hip and r= 0.08 for the wrist).   

 

Conclusions 
In conclusion, this study found that GT3x was not particularly valid for assessing energy 

expenditure in high intensity complex activities. Wearing the accelerometer on the hip yielded 

higher correlations compared to wearing it on the wrist. When using the accelerometer for 

estimations of EE the Vector magnitude is to prefer before the Y-axis solely.   
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Definitions 
 
Physical Activity, PA  

Physical Activity is defined as any body movement which raises the energy metabolism above 

resting levels.  

Energy expenditure, EE 

EE can be measured by either direct or indirect methods. In this study the EE is derived from 

oxygen consumption and expressed as kcal/min. Another, commonly used, way to express EE 

and often referred to in this study is by using metabolic energy turnovers (METs). 

Respiratory Exchange Ratio, RER 

The ratio between produced carbon dioxide and oxygen consumption measured in the 

respiratory gas exchange.    

Acceleration 

Acceleration is the rate at which the velocity of a body changes with time (m/s2). 

 

Counts 

Counts are the dimensionless unit of recorded raw accelerometer data. The raw data can be 

calibrated to represent more meaningful indicators, such as energy expenditure or time spent 

in different activity intensity zones. 

 

Epoch 

Collection interval of the accelerometer’s counts data. In the present data we chose a 10 s 

epoch. That means that the accelerometer stores a mean value of accelerometer counts every 

10 s.  

 

Vector Magnitude, VM 

The GT3x can record movement in three planes; mediolateral (x), vertical (y), and the 

anteroposterior (z) plane. The vector magnitude, VM is the resultant vector from the these 

three planes. 

 

 

http://en.wikipedia.org/wiki/Rate_(mathematics)�
http://en.wikipedia.org/wiki/Velocity�
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1. Introduction 
 

Within the domain of public health and epidemiology there is a constant need of increased 

knowledge about health and its prerequisites. We today know that there exists a number of 

lifestyle related components which can either contribute to a better health or increase the risk 

of disease or mortality (Murray & Lopez, 1997). Regular physical activity (PA), or the 

opposite: an absence of physical activity, are factors with a strong correlation with both health 

and morbidity (Henriksson & Sundberg, 2008). 

In order to better understand the complex interaction between PA and health, it is necessary to 

be able to quantify PA (Strath, Brage & Ekelund 2005; Hall et al. 2013). Measurement of PA 

can be divided into two distinct categories: subjective methods and objective methods. 

Traditionally, the most commonly used method to measure PA is the subjective questionnaire. 

This method has cost related benefits but at the same time certain drawbacks relating to risk 

of biased data. (Ward, Evenson, Vaughn, Rodgers, & Troiano, 2005) 

This issue can be dealt with by the use of objective methods, such as direct calorimetry, 

doubly labeled water or respiratory gas analysis measurements. These methods have the 

advantage of omitting the subjective interpretation, but at the same time the disadvantage of 

being generally more expensive and harder to implement in larger groups. (Trost, McIver & 

Pate, 2005).  

Another method which provides the researcher with objective data is the method of 

accelerometry. An accelerometer is a device, today not much bigger than a pedometer, which 

is able to record body movement with the help of piezo-electrical crystals (Lecklider, 2006).  

The crystals deform under acceleration and thereby generate, in proportion to the 

deformation, an electrical signal. This electrical signal is transformed to digital data (named 

counts). Counts can then be used as a reflection of physical activity or a measure of energy 

expenditure. (Chen & Basett, 2005) Thanks to its small size, the relatively low cost and the 

ability to objectively measure the multiple dimensions of PA (frequency, duration and 

intensity), accelerometers today are an important tool within the domains of health sciences 

(Troiano, Berrigan, Dodd, Mâsse, Tilert & McDowell, 2008). However, due to the complex 

and broad nature of PA there is still a need of validating accelerometry within a diverse range 

of activities and intensities (Trost et al, 2005). 

http://www.ncbi.nlm.nih.gov/pubmed?term=Strath%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=16294119�
http://www.ncbi.nlm.nih.gov/pubmed?term=Brage%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16294119�
http://www.ncbi.nlm.nih.gov/pubmed?term=Ekelund%20U%5BAuthor%5D&cauthor=true&cauthor_uid=16294119�
http://www.ncbi.nlm.nih.gov/pubmed?term=Hall%20KS%5BAuthor%5D&cauthor=true&cauthor_uid=23059862�
http://www.ncbi.nlm.nih.gov/pubmed?term=Ward%20DS%5BAuthor%5D&cauthor=true&cauthor_uid=16294121�
http://www.ncbi.nlm.nih.gov/pubmed?term=Evenson%20KR%5BAuthor%5D&cauthor=true&cauthor_uid=16294121�
http://www.ncbi.nlm.nih.gov/pubmed?term=Vaughn%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16294121�
http://www.ncbi.nlm.nih.gov/pubmed?term=Rodgers%20AB%5BAuthor%5D&cauthor=true&cauthor_uid=16294121�
http://www.ncbi.nlm.nih.gov/pubmed?term=Troiano%20RP%5BAuthor%5D&cauthor=true&cauthor_uid=16294121�
http://www.ncbi.nlm.nih.gov/pubmed?term=Trost%20SG%5BAuthor%5D&cauthor=true&cauthor_uid=16294116�
http://www.ncbi.nlm.nih.gov/pubmed?term=McIver%20KL%5BAuthor%5D&cauthor=true&cauthor_uid=16294116�
http://www.ncbi.nlm.nih.gov/pubmed?term=Pate%20RR%5BAuthor%5D&cauthor=true&cauthor_uid=16294116�
http://www.ncbi.nlm.nih.gov/pubmed?term=M%C3%A2sse%20LC%5BAuthor%5D&cauthor=true&cauthor_uid=18091006�
http://www.ncbi.nlm.nih.gov/pubmed?term=M%C3%A2sse%20LC%5BAuthor%5D&cauthor=true&cauthor_uid=18091006�
http://www.ncbi.nlm.nih.gov/pubmed?term=McDowell%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18091006�
http://www.ncbi.nlm.nih.gov/pubmed?term=Trost%20SG%5BAuthor%5D&cauthor=true&cauthor_uid=16294116�
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Thus, in order to further validate the method of accelerometry the present study aims at 

putting the accelerometer method to the test by conducting a challenging experiment.  

 

1.1 Background 
Accelerometers have been used as an objective measurement of physical activity since the late 

1980’s (Chen & Sun, 1997). Today there are a number of accelerometer brands and models on 

the market (Welk, 2005). All accelerometers basically measure the same thing: body 

movement in terms of acceleration (Kim,  Beets & Welk, 2012). Though there are different 

technologies, the vast majority of accelerometers use the aforementioned piezoelectric sensors 

to measure acceleration. (Chen & Basett, 2005) Depending on the model, the different 

accelerometers can measure body movement in either a single or in multiple planes. (Nilsson, 

2008) 

The uniaxial accelerometers, which were the first on the market, measure the acceleration in 

the vertical plane (y-axis) (Trost et al., 2005). There also exist triaxial accelerometers which, 

in addition to the vertical plane, are able to measure acceleration in the mediolateral (x-axis) 

and the anteroposterior (z-axis) plane (Nilsson, 2008). It has been proposed that triaxial 

accelerometers could provide more valid data in certain activities but the research is not 

univocal (Trost et al. 2005).  

Since acceleration is proportional to the net external force applied to an object, the energy 

cost of body movement is proportional to the acceleration during locomotion. This is how the 

accelerometer counts can be calibrated to represent energy expenditure from body movements 

(Montoye et al. 1996). 

 Given that movement of the human body can vary greatly in terms of acceleration it is 

necessary that the sampling frequency of the accelerometer is of sufficient resolution. The 

sampling frequency has to be at least twice the frequency of the highest frequency of 

movement. (Chen & Basett, 2005) Although the upper limit could be as high as 25 Hz, the 

human movement in PA is rarely above 8 Hz (Winter, Quanbury & Reimer, 1976). 

In addition to this technical demand, accelerometers also have to submit to practicalities such 

as: a battery capacity enough to be able to collect data in long intervals, a sufficient data 

storage capacity to enable high resolution data and also availability in a convenient size and 

weight.  

http://www.ncbi.nlm.nih.gov/pubmed?term=Chen%20KY%5BAuthor%5D&cauthor=true&cauthor_uid=9390989�
http://www.ncbi.nlm.nih.gov/pubmed?term=Sun%20M%5BAuthor%5D&cauthor=true&cauthor_uid=9390989�
http://www.ncbi.nlm.nih.gov/pubmed?term=Kim%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=22306372�
http://www.ncbi.nlm.nih.gov/pubmed?term=Beets%20MW%5BAuthor%5D&cauthor=true&cauthor_uid=22306372�
http://www.ncbi.nlm.nih.gov/pubmed?term=Welk%20GJ%5BAuthor%5D&cauthor=true&cauthor_uid=22306372�
http://www.ncbi.nlm.nih.gov/pubmed?term=Winter%20DA%5BAuthor%5D&cauthor=true&cauthor_uid=1262360�
http://www.ncbi.nlm.nih.gov/pubmed?term=Quanbury%20AO%5BAuthor%5D&cauthor=true&cauthor_uid=1262360�
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Due to technological progress on the above points accelerometers nowadays have become the 

method of choice in many health related studies where an objective measure of PA is 

considered important (Vanhelst, Mikulovic, Bui-Xuan, Dieu, Blondeau, Fardy & Béghin, 

2012). The field of application is diverse and in the health and sport literature accelerometers 

have been used in many different research designs and purposes.  

Some examples of how accelerometers have been used are to identify sleeping respective 

wake states in infants during napping (Galland, Kennedy, Mitchell & Taylor, 2012), to 

measure training load for professional soccer players (Scott, Lockie, Knight, Clark, & De 

Jonge, 2013), to collect data about performing jumps in ballet (Sousa, Dias & Machado, 

2010), to evaluate the recoil effect of a slap shot in ice hockey (Villaseñor, Turcotte & 

Pearsall, 2006) and to investigate the effects of baseball bat mass and position of center of 

gravity when performing a swing (Maeda, 2004). However, accelerometry is primarily still 

used as a method to quantify PA or physical inactivity.  

2. Previous studies 

2.1 Validity of Accelerometers 
Validation of accelerometry has mainly revolved around issues pertaining to the 

accelerometer's ability to predict energy expenditure or correctly classify different intensities  

(Rowlands, Thomas, Eston & Topping, 2004; Hendelman, Miller, Bagget, Debold & Fredson 

2000; Trost et al. 2005). In such studies subjects perform different activities while wearing the 

accelerometers. At the same time, energy expenditure is measured with a standard criterion 

method (e.g. doubly labeled water or direct or indirect calorimetry). In order to then validate 

the accelerometer, the correlation between the accelerometer counts and the measured energy 

expenditure is established. A calibrated accelerometer can thus be used to predict energy 

expenditure in certain activities performed by certain populations (Chen & Bassett, 2005).  

Previous studies have presented validity in terms of correlations between the accelerometer 

and the measured energy expenditure. Values between r = 0.45 and r = 0.93 have been 

reported (Trost et al. 2005). The accelerometer’s prediction of energy expenditure does not 

seem to be dependent on accelerometer brand or model. (Ibid.) Instead, discrepancies between 

studies validating different accelerometers are more likely attributed to differences in epoch 

used in respective studies. (Hislop, Bulley, Mercer & Reilly, 2012) 

http://www.ncbi.nlm.nih.gov/pubmed?term=Vanhelst%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22534207�
http://www.ncbi.nlm.nih.gov/pubmed?term=Mikulovic%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22534207�
http://www.ncbi.nlm.nih.gov/pubmed?term=Bui-Xuan%20G%5BAuthor%5D&cauthor=true&cauthor_uid=22534207�
http://www.ncbi.nlm.nih.gov/pubmed?term=Dieu%20O%5BAuthor%5D&cauthor=true&cauthor_uid=22534207�
http://www.ncbi.nlm.nih.gov/pubmed?term=Blondeau%20T%5BAuthor%5D&cauthor=true&cauthor_uid=22534207�
http://www.ncbi.nlm.nih.gov/pubmed?term=Blondeau%20T%5BAuthor%5D&cauthor=true&cauthor_uid=22534207�
http://www.ncbi.nlm.nih.gov/pubmed?term=B%C3%A9ghin%20L%5BAuthor%5D&cauthor=true&cauthor_uid=22534207�
http://www.ncbi.nlm.nih.gov/pubmed?term=Galland%20BC%5BAuthor%5D&cauthor=true&cauthor_uid=22542788�
http://www.ncbi.nlm.nih.gov/pubmed?term=Kennedy%20GJ%5BAuthor%5D&cauthor=true&cauthor_uid=22542788�
http://www.ncbi.nlm.nih.gov/pubmed?term=Mitchell%20EA%5BAuthor%5D&cauthor=true&cauthor_uid=22542788�
http://www.ncbi.nlm.nih.gov/pubmed?term=Taylor%20BJ%5BAuthor%5D&cauthor=true&cauthor_uid=22542788�
http://www.ncbi.nlm.nih.gov/pubmed?term=Villase%C3%B1or%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17215552�
http://www.ncbi.nlm.nih.gov/pubmed?term=Turcotte%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=17215552�
http://www.ncbi.nlm.nih.gov/pubmed?term=Pearsall%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=17215552�
http://www.ncbi.nlm.nih.gov/pubmed?term=Bassett%20DR%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=16294112�
http://www.ncbi.nlm.nih.gov/pubmed?term=Hislop%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=22971560�
http://www.ncbi.nlm.nih.gov/pubmed?term=Bulley%20C%5BAuthor%5D&cauthor=true&cauthor_uid=22971560�
http://www.ncbi.nlm.nih.gov/pubmed?term=Reilly%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=22971560�
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Hislop et al. demonstrated that higher resolution epochs result in a smaller bias relative to the 

criterion method. (Ibid.) Thus, in order to record short bursts of high intensity activity, higher 

resolution could be considered preferable. However Ayabe et al. concluded that although 

accelerometer’s epoch setting does affect estimation of PA bouts under free-living conditions 

the best epoch length to estimate moderate to vigorous physical activity is yet to be 

determined. (Ayabe, Kumahara, Morimura & Tanaka, 2013) 

 

2.1.1 Treadmill studies 
Abel and colleagues validated two accelerometers (GT1M and Kenz Lifecorder Ex) during 

treadmill walking and running in speeds ranging from 3.24 km/h to 11.28 km/h. The authors 

concluded that the accelerometers provided accurate estimates of activity EE at most walking 

and running speeds. However looking at the upper spectra of the intensities it was obvious 

that there was significant difference between predicted EE and observed EE when comparing 

GT1M with indirect calorimetry in this setting. In other words the activity monitors could not 

accurately predict EE at higer intensities. (Abel, Hannon, Sell, Lillie, Conlin, & Anderson, 

2008)  

 

Santos-Lozano et al investigated GT3x’s ability to estimate EE during standardized laboratory 

activities. (2013) In the study, 31 youth, 31 adults, and 35 elderly wore the GT3X over their 

right hip while, resting, treadmill walking/running (3, 5, 7, 9 km/h) and repeating sitting and 

standing up.  The intensity ranged from low (one metabolic energy turnover, 1 MET), 

approximately to the moderate-vigorous area (running 9 km/h, around 6->9 METs). Though 

non-significant, in comparison with indirect calorimetry GT3x overestimated EE during the 9 

km/h running. In addition further statistical analyses indicated that prediction ability of GT3x 

was lower in the high intensity zone of these non-complex activities.  

 

 The study also dealt with the issue of using the VM contra only using the y-axis when 

constructing the best regression equation. The differences were not large but VM did yield 

more accurate EE estimations compared to EE with activity counts derived from the y-axis 

only.  

 

Our own unpublished data also found a clear difference in GT3x’s prediction ability in 

treadmill activities at different intensities. At low intensities the correlation between the VM 

http://www.ncbi.nlm.nih.gov/pubmed?term=Ayabe%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23331772�
http://www.ncbi.nlm.nih.gov/pubmed?term=Kumahara%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23331772�
http://www.ncbi.nlm.nih.gov/pubmed?term=Morimura%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23331772�
http://www.ncbi.nlm.nih.gov/pubmed?term=Tanaka%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23331772�
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of the hip and indirect calorimetry was found to be high (r = 0.80). On the other hand, at high 

intensities the correlation was very weak (r = -0.074).  

 

In summary, the studies validating activity monitors in the laboratory have indicated weaker 

validity at higher intensities. However since these studies have used treadmill as the source of 

activity it is hard to say whether it is something in the movement pattern in running rather 

than the intensity per se which has led to these findings.  

 

2.1.2 Complex activities 
Puyau et al. validated accelerometry against energy expenditure in children (Puyau, Adolph, 

Vohra & Butte, 2002). In the study the unidimensional accelerometer CSA Actigraph, and the 

multidimensional accelerometer Mini-Mitter Actiwatch, were worn on the hip or the lower 

leg. The participants performed different activities under six hours in a Room Respiration 

Calorimetry. One of the activities, relevant to this study, was an aerobic warm-up exercise, 

classified as a low intensity exercise. The correlation between accelerometer counts and 

observed energy ranged from r = 0.66 to r = 0.80. Regression equations for respective 

accelerometer (CSA or MMA) for respective monitor placement (hip or lower leg) were also 

developed. The authors concluded that the accelerometer were valid for the broad activity 

protocol although, due to the chosen study design (six hours in Room Respiration 

Calorimetry), is not clear whether the accelerometers could predict energy expenditure in 

specific activities, such as aerobic exercise,.  

In another study by Evenson et al. (2008) the unidimensional Actigraph 7164 and the multi-

axial Actical (model # 198-0200-00) were validated against a Cosmed portable metabolic 

system (Evenson, Catellier, Gill, Ondrak & McMurray, 2008). Thirty-three children 

performed nine different activities while wearing the accelerometers on the hip. One of the 

exercises, performed for 7 min, was the high intensity “jumping Jacks” which could be 

considered a complex aerobic activity. When pooling data from all the activities together, the 

accelerometers were extremely valid in terms of discriminating of sedentary behavior The 

discrimination of moderate and vigorous activity was also acceptable. Unlike the above-

Puyau et al. (2002) the “jumping Jack exercise” chosen by Evenson et al. (2008) and 

colleagues were of a high intensity (mean VO2 = 26.5 ml/kg/min). However, no data about 

respective accelerometers ability to predict energy expenditure when performing “Jumping 

Jacks” was presented. Thus, although a complex aerobic exercise was included as one part of 

http://www.ncbi.nlm.nih.gov/pubmed?term=Puyau%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=11886937�
http://www.ncbi.nlm.nih.gov/pubmed?term=Adolph%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=11886937�
http://www.ncbi.nlm.nih.gov/pubmed?term=Vohra%20FA%5BAuthor%5D&cauthor=true&cauthor_uid=11886937�
http://www.ncbi.nlm.nih.gov/pubmed?term=Butte%20NF%5BAuthor%5D&cauthor=true&cauthor_uid=11886937�
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the whole protocol, the study provided no explicit information about accelerometer validity in 

this specific high intensity complex activity.    

 Treuth and colleagues derived a regression equation that estimated METs from accelerometer 

(Actigraph 7164 ) counts and defined thresholds for accelerometer counts corresponding to 

sedentary, light, moderate, and vigorous activity (Treuth, Schmitz, Catellier, McMurray,  

Murray, Almeida, Going, Norman & Pate, 2004). The participants, 74 girls between the ages 

of 13-14, performed 11 different activities with one of the activities being a step aerobics 

exercise. The criterion measure used was the Cosmed K4b2 and each subject was wearing two 

Actigraph monitors, at the left and the right side of the hip, while performing the exercises. 

Due to the large standard error of the estimates (±1.36 METs), the authors suggested that the 

regression equation only should be used as a gross estimate of energy expenditure. The 

accelerometer’s prediction ability during the step aerobics was not investigated in isolation. 

However, excluding data from step aerobics resulted in less false positives and false negatives 

in MET estimation. The results thus indicated that the accelerometers had a hard time 

accurately predict METs during step aerobics. 

 

2.1.3 Monitor placement 
Monitor placement has been under investigation since the different locations potentially could 

yield varying data. In theory, a location close to the body center of mass should be the ideal. 

(Trost et al. 2005) 

In a study by Yngve, Nilsson, Sjöström & Ekelund (2003) body placement effect on energy 

prediction was investigated. Placing the accelerometer at the lower back generated slightly 

higher correlation between predicted and observed energy expenditure compared to the hip (r 

= 0.89 and 0.85 respectively)  However, one problem placing the accelerometer on the lower 

back is that it is not particularly convenient for the user.  

  

A less investigated location is that of the wrist, which should be an interesting location from a 

practical point of view. In a validity study performed in free living conditions with children 

aged 8-10 years, the wrist demonstrated a strong prediction (r2 = 0.69) of estimated energy 

expenditure, supporting the wrist placement’s validity. (Ekblom,  Nyberg,  Bak,  Ekelund & 

Marcus, 2012)  

 

http://www.ncbi.nlm.nih.gov/pubmed?term=Schmitz%20K%5BAuthor%5D&cauthor=true&cauthor_uid=15235335�
http://www.ncbi.nlm.nih.gov/pubmed?term=Catellier%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=15235335�
http://www.ncbi.nlm.nih.gov/pubmed?term=McMurray%20RG%5BAuthor%5D&cauthor=true&cauthor_uid=15235335�
http://www.ncbi.nlm.nih.gov/pubmed?term=Murray%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=15235335�
http://www.ncbi.nlm.nih.gov/pubmed?term=Almeida%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=15235335�
http://www.ncbi.nlm.nih.gov/pubmed?term=Going%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15235335�
http://www.ncbi.nlm.nih.gov/pubmed?term=Going%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15235335�
http://www.ncbi.nlm.nih.gov/pubmed?term=Pate%20R%5BAuthor%5D&cauthor=true&cauthor_uid=15235335�
http://www.ncbi.nlm.nih.gov/pubmed?term=Ekblom%20O%5BAuthor%5D&cauthor=true&cauthor_uid=22454440�
http://www.ncbi.nlm.nih.gov/pubmed?term=Nyberg%20G%5BAuthor%5D&cauthor=true&cauthor_uid=22454440�
http://www.ncbi.nlm.nih.gov/pubmed?term=Bak%20EE%5BAuthor%5D&cauthor=true&cauthor_uid=22454440�
http://www.ncbi.nlm.nih.gov/pubmed?term=Ekelund%20U%5BAuthor%5D&cauthor=true&cauthor_uid=22454440�
http://www.ncbi.nlm.nih.gov/pubmed?term=Marcus%20C%5BAuthor%5D&cauthor=true&cauthor_uid=22454440�
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In another study Routen, Upton, Edwards & Peters (2012) concluded that there was a 

significant difference in the classification of intensity zones comparing hip and wrist worn 

accelerometers. The total number of counts and time spent in light, vigorous and moderate to 

vigorous physical activity were greater at the wrist than the hip.  

  

2.2 Reliability of accelerometers 

In a study by Santos-Lozano, Marin, Torres-Luque, Ruiz, Lucia & Garatachea (2012) GT3x 

was tested for reliability purposes strapped to a motorised vibration table that vibrates in all 

three dimensions in a different range of frequencies (1.1-10.2 Hz). The intra-class correlation 

coefficient for activity counts across frequencies and for all axes was 0.97. The same study 

also investigated the inter-instrument coefficient of variation with the lowest values (≤9%) 

within the frequencies 2.1 – 4.1 Hz.  The study concluded: “the use of the GT3X 

accelerometer is an accurate tool to estimate free-living physical activity, at least within those 

frequencies that are common to most types of human daily activities”. 

 

 

2.3 Summary of accelerometer research 
Accelerometers have been validated in the laboratory in a wide range of activities.  

However: 

• Accelerometers do not seem to have been validated explicitly in high-intensity 

complex movements, thus raising the importance of studies in this area 

• In almost all previous studies, treadmill running has been the mode of work for the 

higher intensities. Treadmill running differs in movement patterns from other types of 

locomotion since it is characterized by high vertical accelerations, but almost no 

anterio-posteral or medio-lateral movements. This may have influenced the general 

findings that accelerometers fail to assess energy expenditure in high intensity 

exercises. 

• Therefore, assessment of the validity in triaxial motion sensors during high-intensity, 

complex activities is warranted. 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=Routen%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=22856351�
http://www.ncbi.nlm.nih.gov/pubmed?term=Routen%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=22856351�
http://www.ncbi.nlm.nih.gov/pubmed?term=Edwards%20MG%5BAuthor%5D&cauthor=true&cauthor_uid=22856351�
http://www.ncbi.nlm.nih.gov/pubmed?term=Peters%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=22856351�
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2.4 Validity and reliability of Oxycon Mobile 
Rosdahl, Gullstrand, Salier-Eriksson & Johansson (2010) evaluated the Oxycon Mobile (OM) 

in a wide range of oxygen uptake using Douglas Bag Method (DBM) as the reference method. 

VO2, VCO2, RER, and VE were measured during submaximal work performed on a cycle 

ergometer. A slight difference was observed between the two measurement methods but the 

authors nevertheless concluded that OM could be considered a valid method to measure 

metabolic parameters. In the same study, in order to investigate OM's reliability, 12 

moderately physically active or sedentary and 16 trained athletes performed two repeated 

measurements with OM and DBM. Reliability for both DBM and OM were presented as 

coefficient of variation (CV) at different work rates during ergometer cycling. CV ranged 

from approximately 2-7% of OM for different work rates and the different metabolic 

parameters. This variation was in line with the variation of the DBM. 

 

Salier Eriksson, Rosdahl & Schantz (2012) examined the validity of OM in settings 

comparable to those that may be encountered in field testing. The aim of the study was to 

examine VO2, VCO2, RER, and VE and the impact of environmental conditions on these 

parameters. The subjects performed cycle work under different conditions (with and without 

wind, with and without drying the air around the collection tube with low temperature and 

high humidity) at various loads while carrying OM. The results of the study demonstrated 

good validity of the OM despite the challenging conditions of wind, low temperature and high 

humidity. 
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3. Aim and research questions 
 

The aim of the study was to examine the validity of the GT3X for estimating energy 

expenditure in high intensity complex movements as represented by aerobics.  

 

More specifically: 

 

o How valid is GT3X in terms of assessing high intensity complex activities such as 

aerobics? 

o Does monitor placement affect validity when estimating energy expenditure during 

aerobic exercise movements? 

o Does the prediction in EEest differ when using Y-axis compared to using all three axis 

combined? 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



10 
 

4. Method 
 

4.1 Participants 
A total of 14 healthy subjects participated in the study, eight men and six women. The mean 

age of the group was 26.4 years (± 5.7). The mean height and body weight of the subjects 

were 173.1 cm (±7.2) and 69.4 kg (± 8.9) respectively. The participants were mainly recruited 

from the Swedish School of Sport and Health Sciences (GIH, Stockholm). Some of the 

participants were recruited by direct contact and some were recruited by an e-mail recruiting 

letter sent to all students with an GIH e-mail account. The criterion was that a possible 

participant had to be between 20-40 years old and healthy. All participants were informed that 

participation was voluntary and that their data would be anonymously treated. 

One of the test sessions was not completed due to problems with equipment calibration on 

that specific occasion. This one subject was thereby regarded as a study drop out. 

4.2 Research design 
To test the accelerometers prediction ability of energy expenditure all data were collected 

simultaneously in an experimental approach. The participants were randomised in two groups, 

each with different starting orders.   

Testing was conducted in the laboratory of applied sport sciences (LTIV), at the Swedish 

School of Sport and Health Science, GIH Stockholm, Sweden. All tests were completed 

within a monthly period and all testing was conducted at weekdays during daytime. 

The exercises within the test were predetermined and standardised using videos of an aerobics 

instructor performing different typical aerobic movements. Two different videos were used 

containing different kinds of aerobic movements. The videos are referred to as Set 1 and Set 2 

in this study. The starting order of Set 1 and Set 2 was randomised. The videos were displayed 

on a large portable screen using a projector connected to a laptop.  

The video used in the study was downloaded from a pre-recorded aerobic instruction used in 

an on-going research project to promote physical activity in patients with mental illness 

(REGASSA research project, www.regassa.se, 2013). Specific chosen parts of the original 

video were then cut out and fused together to create two short aerobics sets (Set 1 and Set 2). 

Each set was organised in the same chronological order with the same representative parts of 

strength and pulse elevating exercises. At each data collection session two subjects were 
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present and took turns in performing the different sets. As one subject was working the other 

subject was resting.  

The test leaders involved performed the same tasks throughout the test session for 

standardisation purposes. 

4.3 Measurements 

4.3.1 Anthropometrics 
Each participant was weighted without shoes to the nearest 0,1 kg using an electronic scale 

(SECA, Vogel & Halke, Hamburg, Germany). Height was measured to the nearest 0,1 cm 

using a standard physician scale (SECA, Vogel & Halke, Hamburg, Germany). 

4.3.2 GT3x accelerometers 
The same two triaxial accelerometers, models Actigraph GT3x (ActiGraph, Pensacola, FL, 

USA), were used in the study. The model, introduced in 2009 is a newer version of one of the 

most widely used accelerometers, the uniaxial Actigraph (Gerda, Seller & Mäder, 2013). The 

GT3x is a triaxial accelerometer which also contains a pedometer and an inclinometer.  

The accelerometers were initialized via a computer interface (ActiGraph firmware 4.0.1) and 

set to collect data in 10 second intervals (epoch). The output of the data was expressed as 

counts per minute. Data was transferred to Microsoft Excel (Microsoft 2007), for further 

analysis, see below.  

 

 

4.3.3 VO2 measurements 
In the present study the Oxycon Mobile, OM, (Jäger, Würzburg, Germany) was choosen as 

the criterion method to validate GT3x. The OM is the portable version of the Jaeger Oxycon 

Pro (CareFusion GmbH, Hoechberg Germany) which is a PC-based system for measurement 

of VO2, VCO2 and VE). OM is a relatively new, light weight (950g) spirometric device that 

GT3x Characteristics 

Dimensions: 3.8 cm x 3.7 cm x 1.8 cm  

Weight: 27 grams  

Memory: 4 MB or 16 MB  

Batterytime: >20 days  

Maximum Frequency: 30 Hz  Figure 1 - GT3x 
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utilizes electrochemical sensors and sends the data to a host computer via telemetry. (Intra 

medic, Jaeger Oxycon Pro, 2013) 

 
Figure 2– Subject wearing the Oxycon mobile system 

 

The portable system was held in place by a harness, which was slipped over the subject’s 

shoulders and securely clipped into place without restricting movement. The gas analyzers, 

volume sensor, and turbine were calibrated according to the manufacturer’s specifications 

before each test. Gas exchange variables (oxygen uptake, VO2; carbon dioxide production, 

VCO2; and ventilation, VE) were measured continuously on a breath-by-breath basis.   

The facemask used in the study was of the model 7600 V2 (Hans Rudolph inc, Canada). The 

VO2 data was collected on-line by a personal computer laptop using the PC software (JLAB 

4.61.1, CareFusion GmbH, Hoechberg Germany). Collection sample was set to use 10 second 

intervals with each data point as a mean value of the interval.  
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4.4 Experimental procedure 

4.4.1 Preparations 
Each of the participants was instructed not to consume a heavy meal, drink any caffeinated 

drinks and not to use any nicotine substances within two hours prior to their test session. They 

were also instructed not to conduct any intense training 24 hours before the testing procedure. 

A 7 x 5 meter area in the lab was sealed off with portable walls. Within the walls the 

equipment was setup in the same formations at every test session to achieve a good level of 

standardisation and also allowing the subject enough room to move around without outside 

interference. 

 
Figure 3 - the equipment setup for testing in LTIV 

 

The entire test procedure was explained to the subjects and they were informed that they 

could abort the test at any time without having to explain why. The objectives of the study 

was explained to each subject and a written informed consent was signed by all, ensuring that 

there was no injury or other health issue preventing them from participating. 

The resting heart rate (one minute sitting down) was measured using a Suunto heart rate 

monitor (Suunto; Vantaa, Finland).  

The subjects were fitted with two GT3x accelerometers, one at the wrist (subjects dominant 

hand) using a welt core wristband and one at the hip (same side as the wrist accelerometer) 

using an elastic strap. The same accelerometer was always placed at the same body placement 

on all subjects.  
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The facemask for VO2 collection was fitted before warm-up and was tested to make sure there 

was no leakage.  

4.4.2 Warm-up 
Before the data collection with the OM was conducted, the subjects performed a warm-up 

session consisting of a standardized, moderately intense, aerobic exercise, with similar 

activities as in the exercises. This gave the subject, besides a good warm up, a chance to learn 

and anticipate the different movements and the order of the sets. The purpose was to 

somewhat eliminate the effect of surprise during the subsequent live data collection. 

  

4.4.3 Data collection 

Directly after warm up each subject was fitted with the OM backpack and the mouthpiece was 

connected to the facemask. After reinsuring that the live data collection was working 

adequately, the start of the video clip was synchronised with the marking of real time 

collection of VO2 measurements. The time (hh:mm:ss) of data collection was noted on each 

subjects test protocol.  

Subjects completed two different sets of aerobic workouts, each containing both strength and 

heart rate-elevating exercises. The sets were 8 minutes 52 seconds (Set 1) and 9 minutes 20 

seconds long (Set 2) respectively, of which the strength exercises, was 2 minutes 20 seconds 

long at the start of both sets. 

     

Figure 4 and 5 - snapshots from the aerobic video instructions. 

Between the two different sets there was a recovery period of a minimum of fifteen minutes. 

Heart rate was assessed before the subjects were allowed to continue with the second set. A 

required heart rate within ± 5 beats of the noted heart rate at arrival (group mean value of the 
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heart rate at arrival was 71 ±13 bpm, group mean heart rate before starting the second set was 

slightly higher at 73 ±13 bpm). 

After each workout set the OM was dismounted and the facemask was removed. Before 

changing from one subject to the next the mask was washed and sanitised.  

4.5 Data analyses and statistics 
Data were first imported to Microsoft Excel from the Oxycon data file. The Counts data from 

each accelerometer´s all axis (x [horizontal] y [mediolateral] and z [anterioposteral]), was 

imported from the Actigraph software program. The recorded start and end times were 

identified using the test protocol time notes.  All the data variables was lined up with the same 

time starting point in the excel file. Data points from the aerobic parts of each set was then cut 

out and used in the further analyses. 

4.5.1 Variables 
Energy Expenditure estimates (EEest) where calculated from each individuals oxygen 

consumption (VO2 l/min) and each individual´s caloric equivalents of their RER values. 

Vector magnitude counts (VM) was calculated combining all three vectors using the formula 

VM = √(x2 +y2 +z2).  

4.5.2 Data exclusions 
In one subject VO2 measurements failed resulting in unreliable data. Therefore all the data 

collected from that test session were excluded in further analyses. 

Any data point where the counts value for the VM was lower than 100 were considered as 

outliers since such a low counts value would not reflect any movement represented in our 

aerobic exercise. A total number of 37 data points was deleted, leaving 1251 data points in the 

final data set.  

The dataset was then imported to STATSTICA 64, (Statsoft inc), where all statistical 

calculations was performed. 

4.5.3 Statistics 
Descriptive data analyses were performed to get data means and standard deviations (SD). 

Relationships between the different counts variables and EEest were determined using 

Pearson’s correlation coefficients.  
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To find the best possible prediction of EE (kcal/min), a stepwise regression was derived using 

HipVM, weight, length and gender as independent variables. Taking practicality into 

consideration another stepwise regression using only HipVM and bodymass as independent 

variables was performed. 

 

Equations (EE ( kcal/min) = regression coefficient (B) x Mean counts per 10 s + intercept on 

Y-axis (A) were developed for both HipVM and WristVM using the mean of equation values 

from each participant’s linear regression. 
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5. Results 
 

The anthropometrics for the 14 participants who successfully completed the test session are 

shown in table 1. 

Table 1 Anthropometric data of the participants, mean (SD) 

 Age (years) Height (cm) Weight (kg) 
Men (N = 8) 29.4 (± 5.8) 178.3 (± 4.4) 74.0  (± 8.0) 
Women (N = 6) 22.5  (± 2.3) 166.3 (± 3.1) 63.2 (± 5.9) 
All (N = 14) 26.4 (± 5.7) 173.1 (± 7.2) 69.4 (± 8.9) 

 

The figure below shows the mean value of oxygen uptake fluctuations from around 15 

ml/kg/min up to 30 ml/kg/min, throughout the aerobic exercise. 

 
Figure 6 – Example of how the oxygen uptake progresses thru the aerobic exercise for each subject. Mean 
value is represented by the dotted line.  

Descriptive statistics are presented in table 2. It shows that the wrist placement yielded higher 

counts value and that the absolute difference between VM and Y-axis is greater at the hip 

position.  

Table 2  - CountsVM and CountsYaxis for both accelerometers at each body placement. 

N=14 Mean  SD 

HipVM 1654 779 

HipY-axis 755 330 

WristVM 3517 1809 

WristY-axis 2182 1149 
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As shown in Table 3 higher correlation for HipVM than WristVM was found in the study. At 

both positions the VM yielded stronger correlations compared to just using the Y-axis. 

Standard error of estimation varied within a range of 2.14 - 2.53 kcal.   

Table 3 - Correlations (r) between accelerometer counts and EEest (kcal/min), adjusted r2, p-value, and 

Standard Error of The Estimation (SE) 

N=14 r r² p-value SE (kcal/min) 
HipVM 0.47 0.22 <0.005 2.14  
HipY-axis 0.15 0.02 <0.005 2.51 
WristVM 0.34 0.12 <0.005 2.29 
WristY-axis 0.08 0.01 <0.005 2.53 

 

A moderate correlation was found between HipVM (counts) and OM (kcal/min) as seen in 

Figure 7, with a correlation coefficient of r = 0.47. The correlation between WristVM (counts) 

and OM (kcal/min) was found to be weak at r = 0.34, as seen in Figure 8. 
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Figure 7 - Correlation between HipVM (counts) and OM (kcal/min). 
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Figure 8 - Correlation between WristVM (counts) and OM (kcal/min). 
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Regression equations were developed for both Hip and Wrist positions from the VM counts.   

Table 4 – Equations for EE estimations for the hip and wrist body placements 

                      Monitor placement                                                     Regression equations 

HipVM y=0,002007x +4,73296 
r2 = 0.507 

WristVM y=0,00012x +7,9336 
r2 = 0.231 

 

 

 

The scatter plot in Figure 9 demonstrates the result from the stepwise regression analysis 

where 53 % of the variations in predicted EE could be explained by HipVM and body mass.  

 

 
Figure 9 - Scatter plot of stepwise regression for EE (kcal/min) using HipVM and body 
mass (kg) as independent variables. 
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6. Discussion 

6.1 Results discussion 
The aim of the study was to examine GT3x’s ability to estimate energy expenditure in high 

intensity complex activities as represented by aerobics. The purpose was also to investigate 

whether placing the accelerometer at different monitor placements, hip or wrist, affects its 

prediction ability. Furthermore, the purpose was also to evaluate if there was a difference in 

the aforementioned estimations using accelerometer output only from the y-axis compared to 

using data output from all three axis combined, VM.    

 

The study shows a correlation between EE and HipVM of 0.47 which was higher than the 

correlation between WristVM and EE of 0.32. The study also presents evidence supporting the 

use of three axes compared to just using the y-axis in high intensity complex movements. 

Further, a multiple regression using HipVM and body mass as independent variables could 

explain 53 % of the variances in predicted EE (Kcal/min). The study also presents a new 

equation for EE estimations in complex high-intensity activities which could be further 

refined in future studies; y= 0.002007x + 4.73296 (r2 = 0.51) for estimations of EE from the 

hip position and y = 0.00012x +7.9336 (r2 = 0.23) for estimations of EE for the wrist position. 

6.1.1 Descriptive means 
The higher mean counts yielded from the wrist are probably a reflection of the many vertical 

arm swings in our aerobic exercise. The difference in Wrist y-axis and WristVM is approximately 

38 % (2182/3517) but the difference in HipY-axis and HipVM is approximately 54 %. This 

indicates that the y-vector considerable contributed to the overall (VM) accelerometer output 

in the accelerometer worn on the wrist.  

Mean counts of GT3x presented in this study were 1654 ±779 which is considerable higher 

than counts presented by Puyau et al. for the CSA (mean counts of 518 ±133) and for the 

Mini-Mitter Actiwatch (251 ±110) shown in their aerobic warm-up exercise. In the study the 

chosen epoch was 60 s which is 6 times longer than our chosen 10 s epoch. A 60 s epoch 

could mean that the accelerometers underestimated the intensity due to the resolution in data 

recording. However the average MET in the exercise was only 2.12 (± 0.32) which has to be 

considered as a low intensity exercise. Thus the discrepancies between Puyau et al. and our 

research are probably mainly due to different intensity in the aerobics.  
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Likely, the higher intensity in our study also explains for the higher standard deviation of the 

mean (SD) in our study. The exercises were complex and difference between good and bad 

aerobic skills could possibly explain this phenomena.  

Evenson et al. presented data for the Actical (2143 ±855) and for the Actigraph (2374 ±1070) 

worn on the hip during jumping jacks with 15s epochs. Compared to our study, the higher 

intensity as indicated by the accelerometer’s counts was also reflected in higher oxygen 

consumption (Evenson: 26.5 ml/kg/min vs. 23.1 ml/kg/min in our study).  

The step aerobics in the study by Treuth et al. (2004) yielded mean counts of 1371 (± 457) 

with 30s epoch and 2750 (± 916) for 1 min. The 30 s epoch counts were lower than what we 

found with our 10 s epoch which is expected. In line with this, the mean oxygen uptake was 

also lower (VO2: 21.2 ml/kg/min) compared to our study. More surprising is the fact that that 

the shorter epoch (30 s) resulted in lower mean counts compared to the longer epoch (60 s). In 

the study the step aerobics was a borderline vigorous activity (5-7 METs) and the shorter 30 s 

epoch should logically have led to more recorded high-intensity burst than the 60 s epoch.  

Though not explicitly investigated by Treuth et al, this “epoch anomaly” raises questions 

about accelerometers capabilities in complex movements thus further underlining the 

importance of our study.   

 

6.1.2 Correlations and regressions 
Given that placing the accelerometer on the wrist rather than the hip could have preferable 

practical implications, we decided to compare how the EE estimations differed between the 

two locations. The results show that correlations between accelerometer counts and EE were 

higher for HipVM (r = 0.47) than WristVM (r = 0.34). Even though placing the accelerometer on 

the wrist could be more user friendly the weaker correlation for wristVM suggests that this 

position should not be used in similar high intensity activities. In contrast to our findings, 

Ekblom et al. (2012) concluded that the wrist worn Actiwatch seemed valid and reliable for 

estimating EE. However, our study differs in many aspects such as study population, model of 

motion sensor and activity source.  

In the study made by Santos- Lozano et al. (2013) the correlation coefficient for VM (r = 

0.84) contra Y-axis (r = 0.82) compared with EE was similar in the study group (adults).The 

subjects were walking and running on a treadmill with the GT3x worn on the hip. In our study 

there was a clear difference utilizing the sum of all axis (r = 0.47) compared to the Y –axis 
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alone (r = 0.15) for the hip. This reveals that the Y-axis should not solely be utilized for 

activities such as aerobics characterized by movements in all three planes.   

The multiple regression using HipVM and body mass as independent variables could explain 

53% of the variances in predicted EE. The linear regression using only HipVM as the 

independent variable could only explain 22% of variance of EE. Thus an easy obtained body 

parameter such as body mass could substantially elevate the prediction of EE in aerobics. 

No previous studies have explicitly examined EE predictions in similar activities and 

therefore no comparisons are possible to make.  

New equations for EE predictions in complex high-intensity activities for both the hip (r2 = 

0.51) and the wrist (r2 = 0.23) can now be further investigated in studies including aerobic 

movements.  

6.2 Methodological considerations 
 

6.2.1 Oxycon mobile 
Although the OM has demonstrated good validity and reliability in previous studies in 

submaximal cycle ergometer exercise (Rosdahl et al. 2010;  Sailer-Eriksson et al. 2012) the 

OM has never been tested in the high intensity complex activities, as constituted in aerobics, 

before. This has to be taken into consideration when interpreting data collected from the OM. 

In addition to the studies by Rosdahl et al. (2010) and Sailer-Eriksson et al. (2012 ) a study 

made by Díaz, Benito, Peinado ,  Álvarez , Martín , Di Salvo , Pigozzi , Maffulli and Calderón 

(2008)  compared the OM with the Oxycon Pro system.  Even though the OM in this study 

was not validated against gold standard such as DBM, we chose to mention it here since the 

researchers used treadmill running (to exhaustion) instead of cycling. Notably, a systematic 

error of overestimation of VCO2 and RER parameters were found in the study.  

However, if the OM is systematically overestimating, as suggested in the study by Diaz et al. 

(2008), the correlations with accelerometer counts should not be affected. 

Another consideration in this study is the fact that our criterion method measures Total 

Energy Expenditure (TEE) whilst the accelerometers measures accelerations produced only 

from physical activity. Thus the accelerations detected by the accelerometers are really a 

reflection of Physical Activity Energy Expenditure (PAEE). To avoid this some studies 
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measure RMR before testing and then subtract the RMR values from TEE to achieve the 

PAEE. However, as far as we are concerned this discrepancy shouldn’t turn down the validity 

the study since the RMR of each subject is constant and we are dealing with correlations 

between two objective measurements. Further, our Energy Expenditure Estimates are 

calculated from oxygen consumption which normally is less than 0.25 l / min in rest which in 

our study equals approximately 15 % of the total oxygen consumption.  

  

6.2.2 Epoch lenght 
The epoch length setting has in previous studies been examined to determine time spent in 

different PA intensities. (Hislop et al 2012; Trost et al., 2005). Hislop et al. concluded that no 

previous study has determined which epochs to be more accurate relative to a criterion 

method. Trost et al. concluded that 1 minute epoch underestimates time spent in moderate to 

vigorous activities in children because of the short bursts of high intensities in child play.  

 

In our study with high intensities with lots of changes in directory a higher resolution is more 

likely to be preferred to get the more detailed picture. But it can also be argued that high 

resolution accelerometer data sampling can be contra productive when trying to compare it 

with indirect calorimetry, which in opposite to accelerometry responds to the different 

changes in intensity with a certain physiological delay.  

 

7. Conclusions 
 

In conclusion, this study found that GT3x was not particularly valid for assessing energy 

expenditure in high intensity complex activities. Wearing the accelerometer on the hip yielded 

higher correlations compared to wearing it on the wrist. When using the accelerometer for 

estimations of EE the Vector magnitude is to prefer before the Y-axis solely.    

The best prediction of EE in aerobics can be made combining HipVM with body mass (kg).  
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Appendix 1- Literature search 

Aim and research questions:  

The aim of the study was to examine the validity of the GT3X for assessing energy expenditure in high 
intensity complex movements as represented by aerobics.  
Also, to investigate whether placing the accelerometer at the hip or wrist affects its prediction ability.  
Furthermore, the purpose was also to evaluate if there was a difference in the aforementioned estimations 
using data from Y-axis compared to using all three axis combined, VM.    
 
More specifically: 
 

o How valid is GT3X in terms of assessing high intensity complex activities such as aerobics? 
o Does monitor placement affect validity when estimating energy expenditure during aerobic 

exercise movements? 
o Does the prediction in EE differ when using Y-axis compared to using all three axis combined? 

 

Words used in the literature search 

Accelerometer 
GT3x 
Validity 
Reliability 
High intensity 
Aerobics 
Monitor placement 
Hip 
Wrist 
Physical activity 
Y- axis 
Energy expenditure 
Oxycon mobile 

Databases used 

GIH:s library database 
PubMed 
SportDiscuss 
Google Scholar 

 

Searches yielding relevant results 

PubMed: GT3x, validity, physical activity, Oxycon mobile, monitor placements 

Comments 

Articles were relatively easy to find, all thought the wide spread presented challenges in 
selection. References from review articles were therefore helpful. 

 

 

 
 

   



30 
 

 
Appendix 2 - Testprotocol 
 

     Testperson 1: 
  Namn:   Datum:   

      

  
  

Set 1 
 

Set 2 

Ålder: 
 

Start:   Start:   

Längd: 
 

Stopp:   Stopp:   

Vikt: 
     

Ref Puls: 
 

Vilotid:   Puls efter vila:   

      

      
      Testperson 2:  

  Namn:   Datum:   

        
  

Set 1 
 

Set 2 

Ålder: 
 

Start:   Start:   

Längd: 
 

Stopp:   Stopp:   

Vikt: 
     

Ref Puls: 
 

Vilotid:   Puls efter vila:   
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