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Abstract 

 

The present study examined the efficacy of accelerometers for the assessment of free play 

physical activity (PA) in pre-school aged children with consideration of epoch length and wear 

location. Following ethics approval, parental informed consent and child assent, 66 pre-

schoolers aged 3-4 years (30 females, 36 males) wore an accelerometer (ActiGraph GT3X; 

sampling at 100Hz) on their non-dominant wrist and their right hip during one hour of free play. 

Concurrently, direct observation, using the OSRAC-P was used to determine sedentary 

behaviour (SB), light (LPA) or moderate-to-vigorous (MVPA) intensity PA. For the ActiGraph, 

vertical axis counts and summed vector magnitude (VM) for hip, and VM for wrist, was 

downloaded using 5, 10, 15 and 30 second epoch lengths. Accelerometer counts were 

averaged over each 30 seconds to match the observation periods. Receiver Operating Curve 

(ROC) analysis was used to evaluate the ability of the ActiGraph to predict SB, LPA and 

MVPA. SB and MVPA obtained from wrist and hip worn accelerometers demonstrated fair 

agreement with direct observation (AUC= >0.7). LPA determined by accelerometer had poor 

agreement with observed LPA, for both the hip and wrist placement (AUC= 0.53-0.56), with 

weak levels of specificity (0.34-0.43), although sensitivity was fair (0.74-0.84). This study is 

the first to examine accelerometer validity, considering wear location and epoch in pre-

schoolers during free play, and suggests that the ActiGraph is a fair measure for SB and MVPA 

in pre-school children. Neither placement performed predominantly better irrespective of 

epochs or used count data (vertical axis, VM).  

 

Keywords: Activity counts; Validation; OSRAC; Observation; Actigraph 
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Introduction  

Recommended physical activity (PA) guidelines for health, provided by the UK 

government, state that children under five years, who are capable of walking, should 

be active for at least 180 minutes each day, while also aiming to reduce sedentary 

behaviour (SB) as much as possible.1 To determine the extent to which pre-school 

aged children meet these guidelines it is essential that accurate methods for assessing 

PA are available. Recording and tracking young children’s PA is a complex task. 

Young children’s activity patterns are intermittent in nature and consequently, 

capturing the actual level of PA of a young child can be a challenge to researchers.2 

A variety of assessment tools are available to measure SB and PA in children in the 

early years. Direct observation has been traditionally used for data collection of this 

nature.3 Direct observation is considered a suitable criterion measure of PA,4 as it is 

an accurate and detailed way to assess a child’s PA. Direct observation can be labour 

intensive but provides information on type, intensity, location and context of PA,5 which 

other methods cannot provide. Collection of PA data at pre-school age by other means 

can be more problematic. Using measures such as PA diaries and questionnaires rely 

on parent and teacher recall of child behaviour and tend to either under or over-

estimate PA and are also open to subjective opinion of the parent/teacher of what SB, 

light PA (LPA), moderate-to-vigorous PA (MVPA) constitutes.6 

To overcome these issues, accelerometry has more recently become the most 

popular objective measurement tool for recording PA in all age groups, and while there 

is established validity within adult, adolescent and child populations, crucially, validity 

is still yet to be obtained for the pre-school age group (3-5 years old).7 As a 

measurement tool, accelerometers are attractive to assess PA levels of children at 
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pre-school age. This is because accelerometry provides the ability to objectively 

measure acceleration, from which PA can be estimated, in the same timeframe as 

traditional observation methods, with the addition of more detail of intensity than 

subjective PA recall diaries and self-report methods.8 However, the use of 

accelerometry at pre-school age is currently limited by the lack of evidence indicating 

the validity of current accelerometer models and established cut points for determining 

PA intensity. There is considerable variation in the values of cut points provided for 

the same placement (e.g., hip vs wrist) and epoch lengths for pre-schoolers. There is 

also a lack of clarity as to which accelerometer cut points provide the most accurate 

assessment of both PA and SB in free living conditions.9 Additionally, understanding 

which epoch length might be preferable to capture the sporadic and short burst nature 

of pre-schoolers PA would be beneficial in guiding researchers in the analysis of 

accelerometer data.10 There is also debate which location may be optimal when 

assessing PA in pre-schoolers. Hip worn accelerometers tend to perform better than 

their wrist worn counterparts, however studies looking at participant compliance find 

much higher levels of compliance when accelerometers are wrist worn, especially in 

young children.11  

This study seeks to address key gaps in the research relating to PA assessment 

in pre-school age children in free living conditions. This study examines the validity of 

accelerometry, compared to direct observation, to assess SB and PA using the 

ActiGraph GT3X accelerometer in pre-schoolers in free living environment conditions. 

Uniquely, the current study will derive new cut points for SB and PA using hip and wrist 

worn accelerometer data obtained from the vertical acceleration (VA) and vector 

magnitude (VM) and also examine the effect of epoch length and accelerometer 

location on the estimates of SB and PA in pre-schoolers.   
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METHODS 

Participants  

Following institutional ethics approval, parental informed consent and child 

assent, 66 pre-schoolers aged 3-4 years (36 males, 30 females) participated in the 

study. None of the participants had musculoskeletal issues, diagnosed disorders 

restricting their levels of PA, or had any diagnosed special educational need. 

Participants were recruited from three pre-schools within Central England using 

convenience sampling.  

Anthropometry  

Height to the nearest 0.1cm, and body mass to the nearest 0.1kg, were 

assessed while barefoot using a Seca stadiometer (Model 213, Seca Instruments, 

Hamburg, Germany), and scales (Model 877, Seca Instruments, Hamburg, Germany) 

respectively. Body mass index (kg/m2) was then calculated. The mean ± Standard 

deviation (SD) values of participant characteristics are shown in Table 1.   

 

***Table 1 Here*** 

Study design 

Data was collected during free play activities undertaken during each 

participant’s regular pre-school activity. To collect SB and PA data via accelerometery, 

participants wore two triaxial accelerometers, one on their wrist and one on their hip, 

during one hour of free play within their usual nursery setting. Concurrently direct 

observation was used to score the intensity and type of PA undertaken.  



6 
 

 

Observations 

The Observation System for Recording Activity in Children – Pre-school Version 

(OSRAC-P) was used to assess participants PA via direct observation.12 The OSRAC-

P is specific to the pre-school age range, has demonstrated good validity and reliability 

in previous studies,13 and has shown good interobserver reliability, with it generally 

scoring above 0.80.5 The OSRAC-P protocol codes for the type and intensity of activity 

being performed, whilst also considering other contextual information such as social 

and environmental factors that may influence behaviour. The protocol is split into 8 

different classifications relating to the participants’ activity at a given time. The 

classifications are as follows; PA intensity, PA type, location, indoor activity context, 

outdoor activity context, initiator of the activity, group composition, and activity 

prompts. The original protocol states that children should be observed for a 30-minute 

period, during which time a child would be observed 60 times by following a five 

second observation phase, with a 25 second recording phase following immediately 

after. The highest level of activity during the five second observation is recorded. In 

the current study, the protocol was adapted for 60-minute observations, increasing the 

observation cycles to 120 for each participant. Adapting the protocol in this way, which 

doubled the amount of observations, ensured better capturing of the diversity of 

activity that occurs within UK pre-school settings. For the current study, researchers 

only classified preschool children’s intensity level in five levels, i.e. 1-stationary or 

motionless, 2-stationary with limb or trunk movement, 3-slow easy movements, 4-

moderate movements and 5-fast movements.12  

Stationary/motionless was re-categorised as sedentary behaviour (SB),14 

stationary torso with movement of limbs and slow/easy movement were both 
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reclassified as LPA, finally moderate movement and fast movement was reclassified 

as MVPA as recommended by others.10,12. Van Cauwenberghe et al.16 followed a 

similar protocol to recategorise the activity from the OSRAC-P for analysis in previous 

work.  

Prior to data collection observer training was undertaken by two independent 

observers, which included studying the OSRAC-P training manual, learning code 

definitions, oral quizzes and in-situ practice of observations in pre-school settings.15 

The observers were trained in sport and exercise science with considerable prior 

experience as researchers within the field of children’s (including observation of PA in 

pre-schoolers) PA assessment. Inter-observer reliability tests, using intraclass 

correlations, were run on a sample of 10% of the observation data during both training 

and recorded observations, resulting in over 90% interrater-reliability in all categories 

of observation. 

Accelerometry  

The participants wore two accelerometers during data collection, one on the 

non-dominant wrist17 and one at the right hip7,10,16 secured by Velcro wrist straps and 

elasticated waist belts respectively. The Actigraph GT3X (ActiGraph inc, Pensacola, 

Florida, USA) was used for data collection. The ActiGraph GT3X is a triaxial 

accelerometer, comfortable for small children to wear due to its small size 

(3.8×3.7×1.8 cm) and light weight (27g). Raw data was recorded at a frequency of 

100Hz. This frequency was used based on recommendations by Migueles et al (2017) 

that sampling frequency should be as high as possible to better capture movement, 

particularly in pre-school aged children.18 Data was measured in counts, a measure 

that is linearly related to the intensity of the PA during an epoch.19 The raw count was 

stored within the memory of the device, prior to being downloaded on to a computer 
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for analysis. Data at the hip was downloaded separately with the vertical axis (VA) 

counts and summed vector magnitude (VM) counts, while data at the wrist was 

downloaded as summed VM counts.7 For both hip and wrist placement data were 

downloaded with epochs of five, 10, 15 and 30 seconds length.7 In order to align the 

Actigraph data at different epochs to the observational data obtained by the OSRAC-

P (i.e. five second observation phase followed by a 25 second recording phase) the 

following procedure was employed. For 30 second epoch data, the 30 second epochs 

of accelerometer data was used, while for 15, 10 and 5 second epoch data, the 

average of two-fifteen-second epochs, three ten-second epochs and six five second 

epochs of accelerometer data was used respectively. This enabled comparability 

between the cut-points from the five, 10, 15 and 30 second epoch data.   

 

Statistical analysis  

Receiver Operator Characteristic (ROC) curve analysis, calculating sensitivity, 

specificity and the area under the receiver operating characteristic curve (ROC-AUC), 

as described by Esliger et al.20 were employed. Accelerometer counts were used as 

the test variable and binary coded observation levels as state variables. In this way 

we sought to compare how well each accelerometer, with the use of each different 

epoch length, could classify intensity of the activities compared to the intensity 

determined by direct observation from the OSRAC-P.  

Using the data collected, calculation of appropriate cut points were performed 

using excel for SB, LPA, and MVPA at each epoch length, location and axis of 

measurement. The ROC-curve coordinates, and sensitivity and specificity values from 

the ROC curve analysis, were used to find the maximal sensitivity and specificity 
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(Youden-index) of the corresponding ROC curves giving cut point values.21 The 

correlation between the observed PA level and accelerometer count for each epoch 

length was calculated using Spearman’s correlation across all observations for both 

hip and wrist placement to establish the relationship between these two variables. 

Statistical analysis was conducted using Microsoft Excel and the Statistical Package 

for Social Sciences (SPSS, Version 24), with statistical significance set at p<0.05. 

 

RESULTS 

Of the 66 participants, 62 children completed the full hour of data collection. 

This resulted in two complete accelerometer data sets per child; one hour of hip and 

wrist data, in addition to direct observation being collected simultaneously. One wrist 

placement data set was not collected due to accelerometer failure, with three other 

incomplete sets resulting from child withdrawal while wearing the accelerometers. 

Taking this into account, 62 sets of wrist data and 63 sets of hip data were collected 

respectively.   

From all observations children were, on average, visible to the observer for 116 

cycles of the 120 cycles that each hour-long observation allowed. With a range from 

76 cycles to the full 120 being observed, 7314 full observation cycles took place during 

data collection. 126 missing or ‘couldn’t tell’ observations were due to toilet 

visits/comfort breaks taken by the children or instructed to by their teachers. 

Observation took place both inside and outside, with 59% of observation occurring 

indoors, 40% outdoors, and 1% in transition. Out of all child observations, average 

activity values were 14 % sedentary, 77% LPA and 9% MVPA. Of indoor time, 49% 

was spent in arts, snack time, reading or socio-dramatic play, 13% in manipulative 
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play, 13% in transition and 25% in group based play. When outdoors, 41% was spent 

in play in open space without equipment, 16% in wheeled play/riding a bike, 14% 

playing on fixed equipment (e.g., climbing frames) and 29% playing with portable 

equipment (e.g., balls) 

Activities that were classified by the OSRAC-P as sedentary behaviours 

included children sitting during group time and registration, sitting and reading, sitting 

still and lying down. Light PA included the activities sitting doing arts and crafts, sitting 

or standing while playing with toys such as Lego, walking, slow cycling and 

sociodramatic play. MVPA included the activities running, skipping, fast cycling, and 

scootering.  

SB and MVPA had fair to good agreement (AUC=>0.7) between accelerometer 

counts and OSRAC-P observations across all epoch lengths, at both the non-dominant 

wrist and right hip using both VA and VM counts (Figure 1, 2 and 3, Table 2). Hip and 

wrist placement resulted in similar levels of agreement with the wrist marginally 

performing better at SB (ROC-AUC= 0.71-0.78) and LPA (ROC-AUC= 0.55-0.56) and 

the hip VM with a higher agreement value at MVPA (ROC-AUC= >0.72) (Table 2),  

ROC curve analysis for LPA revealed that there was poor agreement with 

observation at the wrist and hip (for both VA and VM) irrespective of epoch length, 

with only 0.53-0.56 ROC-AUC values (Figure 1, 2 and 3, Table 2). Correlations 

between the accelerometer raw counts, at all epochs and placements (wrist, Hip VA 

and hip VM), and the observation PA level were weak to moderate in nature (all 

P<0.05, See Table 3).  
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Cut points produced during ROC curve analysis (Table 2) showed a wide 

variation of values over the differing epochs and two placements. As epoch length 

rose, so did the cut point value established.  

***Table 2 Here*** 

***Table 3 Here*** 

***Figure 1 Here*** 

***Figure 2 Here*** 

***Figure 3 Here*** 

 

DISCUSSION 

The current study examined the accuracy of Actigraph GT3X accelerometers worn on 

the wrist and the hip measured at four different epoch lengths, against direct 

observation via an adapted OSRAC-P protocol as the concurrent measure. The 

present study is the first to examine this issue in a pre-school age population (3-4 

years old) and as such presents novel data in relation to PA assessment of pre-

schoolers in free living conditions and establishing accelerometer cut points. There is 

currently a lack of clarity on which published cut points for the pre-school age group 

might be most appropriate to assess PA, hence the exploration of multiple epochs and 

vectors in the current study. 

The current study demonstrates that accelerometer counts agree with direct 

observations at a fair to good level during both SB and MVPA. This supports the utility 

of accelerometry as an appropriate measure of pre-schoolers’ SB and PA. However, 

accelerometry was a poor measure of children’s light PA irrespective of epoch length, 
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placements and vectors of measurement. Although this can be attributed to a variety 

of reasons, the irregular nature of PA in young children has been cited in previous 

literature as the likely cause.2,10,13 

Cut points derived from the present study were applied across multiple epoch 

lengths and for two different measurement vectors at the hip. VM values at the hip 

presented the strongest agreement with observed MVPA, however agreement with 

observation was the highest for both SB and light PA for the wrist. These results 

indicate that a combination of accelerometer placements may be most accurate for 

estimating both PA and SB in the pre-school age population, as SB and MVPA are 

important when measuring children’s overall PA levels. Therefore, further research to 

find ways to optimise wrist based accelerometry for MVPA levels would be beneficial 

as compliance is increased at this location.22 The cut points derived from the current 

study are comparable to some previously published for this age group. The 15s epoch 

hip cut points of ≤32counts show similarities to Pate et al.10 (≤37counts) in classification 

of sedentary behaviour but differ in terms of classification of MVPA (≥249counts 

compared to ≥420counts in the case of Pate et al.10). The cut-points derived in the 

current study also align with those developed by Van Cauwenberghe et al.16 

(≤32counts) for SB but differ (≥881counts) for MVPA. They also differ to cut-points 

developed by Sirard et al.23 (≤301counts for SB and ≥615counts for MVPA) and 

Pulakka et al.24 (≥208counts for MVPA). Importantly Pate et al.10 established cut points 

using a metabolic measure which were cross-validated in a free-living setting, whereas 

Van Cauwenberghe et al.16 and Sirard et al.23 used direct observation criterion 

methods similar to the current study. Cut points derived at the hip and wrist using VM 

(≤288counts for SB, 288-766counts for LPA and ≥767counts for MVPA) showed some 

similarity to currently published cut-points from, Johansson et al.17  (≤221 counts for 



13 
 

SB, 222-729 counts for LPA and ≥729 counts for MVPA) as the only published cut 

points for the wrist at this age at 5s epoch. The generation of new cut-points, as in the 

present study, may be considered as adding complexity to decision making for PA 

assessment whilst also reducing comparison amongst studies that have employed 

previously validated cut-points. It is however important to highlight that generating new 

cut-points can advance understanding and precision of PA assessment in pre-

schoolers and any refinement in the precision of PA assessment should be considered 

as beneficial for researchers examining this area. 

The correlation between observed PA level and accelerometer counts in the 

current study, was weak to moderate for placement at both the hip and wrist and at all 

epoch lengths (r=0.46 to 0.55). These values are slightly lower than reported in prior 

work using an adapted OSRAC-P and ActiGraph accelerometers placed on the right 

hip in toddlers (correlation coefficient of, r=0.66).16 A further study, where ActiGraph 

accelerometers were placed at both the right and left hip but used a modified version 

of the Child Activity Rating Scale (CARS) as the observational method and criterion 

measure, reported correlation coefficients to be between r=0.46 to 0.70.23 Using the 

OSRAC-P as the method of direct observation may have contributed to the slightly 

lower correlation coefficients when compared to previous work. The classification of 

PA was based on observation of just five seconds of PA, while each averaged 

accelerometer epoch count lasted for either five, 10 15 or 30 seconds, in fact the 

highest correlation coefficients of all placements were when the epoch length was 30 

seconds, which is equal to the length of an observation and recording cycle.   

A further explanation for the weaker correlations between observed PA and 

accelerometer counts in the current study could be related to the focus of free-living 

conditions, allowing children to undertake a numerous number of activities both indoor 
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and outdoor at their nurseries. As little movement of the arms or hips occur during 

activities such as cycling on a tricycle, this activity is classified as MVPA according to 

the OSRAC-P, but may be classified as LPA according to accelerometry. Similar 

issues have been highlighted by prior research when differentiating light PA from SB, 

and light PA from MVPA.9,16 Vale et al.25 stated that this difficulty can be due to the 

type of activities that can be included in free play. This discrepancy between activity 

classification using direct observation and accelerometry, irrespective of hip or wrist 

placement, is also present where children are sitting while doing arts and crafts. 

Seated art and crafts are classified as SB according to the OSRAC-P as it requires 

arm movement, however, according to the wrist-based accelerometers it may be 

classified as LPA. Conversely, as the children’s hips and lower body remain stationary 

during seated art and crafts, according to hip worn accelerometers it may be classified 

as SB. This reinforces the idea of using more than one placement for the most 

accurate measurement of PA. Cliff, et al.7 have previously suggested that reducing 

epoch length within the data collection procedure may provide a method to overcome 

this difficulty. The results of the current study show reducing epoch length had very 

little effect on the PA outcomes. The use of a different criterion method such as a 

portable metabolic measure or a differently adapted direct observation protocol may 

be of benefit in future research studies looking at the effect of different epoch lengths 

on estimates of intensities within free living settings. By matching observation length 

or criterion measure directly to the epoch length of the accelerometer it may result in 

higher levels of agreement, in comparison to the averaged values used in the current 

study.  

Previous literature has reported that wear time and compliance is increased 

when monitors are worn on the wrist.22 However, hip worn ActiGraph accelerometers 
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are more accurate for measuring PA.7 Current findings in this study also support this 

in respect to MVPA, whereas SB and LPA were measured more accurately by wrist 

located devices. As previously stated, direct observation has been considered a robust 

and in-depth method to classify the intensity of PA and the context in which it takes 

place.25 Nonetheless, direct observation as a criterion measure is not without 

limitations. Due to the concentration demands and length of time required when using 

direct observation, there is potential for observer error when used for extended periods 

of assessment. This was minimised in the current study by trained observers strictly 

adhering to the OSRAC-P protocol. Other prior studies have employed video 

assessment followed by a posteriori PA classification.16 In the context of British pre-

schools, where free flow activity across multiple indoor and outdoor areas is the norm, 

videoing free living pre-school activity to allow for reliable classification of PA is 

difficult. Using the original OSRAC-P protocol in a live setting and with no possibility 

of video recording, direct matching epoch length to observation length was only 

possible for the 5sec epoch. Use of longer epoch lengths required an assumption that 

the observed PA during the 5sec was indicative of the whole 30 second observation 

cycle to align observed activity with accelerometer recorded activity across the 

different epochs examined in this study. Some studies have suggested short epoch 

durations are needed to capture the lower and higher end of the intensity spectrum 

correctly in children due to their sporadic nature of movement. However, the 

assumption that the 5 sec of observed activity is reflective of all activity during each 

30 sec OSRAC-P cycle ignores the possibility that activity intensity may change within 

a 30 sec period. This should be considered a limitation in the current study but inherent 

to the validated OSRAC-P protocol.27,28 
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In summary, accelerometry can be considered a fair measure of SB and MVPA 

in pre-school populations during free living activity. Placement at both the hip and wrist 

as a combination method may provide the most accurate results. Cross validation of 

the cut points derived in this study could provide this age group with new cut point 

criteria for free living at multiple epochs, placements and vectors of measurements. 

 

Perspective 

This is the first study to examine the validity of Actigraph GT3X accelerometers 

worn on the wrist and the hip and measured at four different epoch lengths, against 

direct observation in a pre-school age population during free living activity. The cut-

points reported here should be cross-validated in other samples. This study provides 

researchers with clarity on the use of accelerometery in pre-schoolers during free living 

activity where omnidirectional and sporadic activity is the norm, suggesting that in such 

circumstances accelerometery is a fair measure of SB and MVPA.  
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Table 1. Participant characteristics (n = 66) 

Characteristic Mean± SD 

Age (years) 3.5± 0.5 

Height (cm) 102.8± 53.0 

Body Mass (kg) 17.3± 2.4 

BMI (kg/m2) 16.4± 1.3 
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Table 3. Spearman correlations, observed PA level versus accelerometer counts.  

 r r2 P 

Wrist 5 sec 

Wrist 10 sec 

Wrist 15 sec 

Wrist 30 sec 

0.337 

0.468 

0.483 

0.482 

0.114 

0.219 

0.233 

0.232 

≤0.05 

≤0.05 

≤0.05 

≤0.05 

Hip 5 sec VA 

Hip 10 sec VA 

Hip 15 sec VA 

Hip 30 sec VA 

0.384 

0.522 

0.511 

0.520 

0.158 

0.272 

0.261 

0.270 

≤0.05 

≤0.05 

≤0.05 

≤0.05 

Hip 5 sec VM 

Hip 10 sec VM 

Hip 15 sec VM 

Hip 30 sec VM 

0.398 

0.545 

0.546 

0.547 

0.158 

0.297 

0.298 

0.299 

≤0.05 

≤0.05 

≤0.05 

≤0.05 
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Figure 1. Receiver operating characteristic (ROC) curves for sedentary behaviour (SB),  light Activity 

(LPA), Moderate to vigorous activity (MVPA) for accelerometer worn on the non-dominant wrist 

(vector magnitude, VM).  
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Figure 2. Receiver operating characteristic (ROC) curves for, for sedentary behaviour (SB),  light 

Activity (LPA), Moderate to vigorous activity (MVPA) for accelerometer worn at the right hip vertical 

axis (VA) 
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Figure 3. Receiver operating characteristic (ROC) curves for sedentary behaviour (SB),  light Activity 

(LPA), Moderate to vigorous activity (MVPA) for accelerometer worn at the right hip vector magnitude 

(VM) 

 sedentary 
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Table 2. Area under ROC curves (AUC), sensitivity and specificity values, derived cut point values in count per epoch (cpe) and count 

per minute (cpm), for hip and wrist placement at 5, 10, 15 and 30 second epoch length for vertical acceleration (VA) and vector 

magnitude (VM).  

 

 Hip 5 sec 
VA 

Hip 10 
sec VA 

Hip 15 
sec VA 

Hip 30 
sec VA 

Hip 5 sec 
VM 

Hip 10 
sec 
VM 

Hip 15 
sec 
VM 

Hip 30 
sec 
VM 

Wrist 5 
sec VM 

Wrist 10 
sec VM 

Wrist 15 
sec VM 

Wrist 30 
sec VM 

 Sedentary 

AUC 0.69 0.77 0.76 0.77 0.73 0.79 0.79 0.79 0.71 0.78 0.78 0.78 
Sensitivity 0.61 0.72 0.72 0.72 0.69 0.72 0.72 0.72 0.66 0.68 0.68 0.64 
Specificity 0.74 0.72 0.69 0.72 0.67 0.74 0.74 0.75 0.64 0.74 0.75 0.78 

Cut Point (cpe) ≤11 ≤22 ≤32 ≤65 ≤43 ≤148 ≤221 ≤443 ≤288 ≤686 ≤1024 ≤2175 
Cut Point 

(cpm) 
≤132 ≤132 ≤128 ≤130 ≤516 ≤888 ≤884 ≤886 ≤3456 ≤4116 ≤4096 ≤4350 

 

 Light 

AUC 0.53 0.54 0.53 0.54 0.55 0.55 0.55 0.55 0.56 0.56 0.56 0.56 
Sensitivity 0.59 0.76 0.76 0.76 0.78 0.82 0.82 0.82 0.80 0.74 0.75 0.75 
Specificity 0.50 0.40 0.39 0.40 0.35 0.35 0.36 0.36 0.33 0.43 0.42 0.42 
Cut Point  

(cpe) 
12-82 23-165 33-248 66-497 44-139 149-428 222-516 444-1028 289-766 687-1298 1025-

1935 
2176-
3864 

Cut Point  
(cpm) 

132-995 132-995 129-995 131-995 517-1679 889-2573 885-2067 887-2057 3457-
9203 

4117-
7793 

4097-
7743 

4351-
7711 

 Moderate/Vigorous 

AUC 0.71 0.81 0.81 0.81 0.72 0.82 0.82 0.82 0.67 0.78 0.78 0.79 
Sensitivity 0.55 0.68 0.68 0.70 0.69 0.68 0.78 0.78 0.80 0.63 0.64 0.64 
Specificity 0.77 0.79 0.79 0.79 0.62 0.79 0.70 0.70 0.82 0.80 0.80 0.81 

Cut Point (cpe) ≥83 ≥166 ≥249 ≥498 ≥140 ≥429 ≥517 ≥1029 ≥767 ≥1299 ≥1936 ≥3856 
Cut Point 

(cpm) 
≥996 ≥996 ≥996 ≥996 ≥1680 ≥2574 ≥2068 ≥2058 ≥9204 ≥7794 ≥7744 ≥7712 
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