
Montoye, A. H.K., Vondrasek, J. D., Neph, S. E., Basu, N. , Paul, L., Bachmair, E.-
M., Stefanov, K.  and Gray, S. R.  (2022) Comparison of the activPAL CREA and VANE 
algorithms for characterization of posture and activity in free-living adults. Journal for 
the Measurement of Physical Behaviour, 5(1), pp. 49-57. (doi: 10.1123/jmpb.2021-0053) 

© 2022 Human Kinetics 

This is the author's version of the work. It is posted here for your personal use. You are 
advised to consult the published version if you wish to cite from it: DOI: 
https://doi.org/10.1123/jmpb.2021-0053 

http://eprints.gla.ac.uk/263462/ 

Enlighten – Research publications by members of the University of Glasgow 
http://eprints.gla.ac.uk 

http://eprints.gla.ac.uk/view/author/46880.html
http://eprints.gla.ac.uk/view/author/61661.html
http://eprints.gla.ac.uk/view/author/61661.html
http://eprints.gla.ac.uk/view/author/50128.html
http://eprints.gla.ac.uk/view/author/34132.html
http://eprints.gla.ac.uk/view/journal_volume/Journal_for_the_Measurement_of_Physical_Behaviour.html
http://eprints.gla.ac.uk/view/journal_volume/Journal_for_the_Measurement_of_Physical_Behaviour.html
http://dx.doi.org/10.1123/jmpb.2021-0053
http://eprints.gla.ac.uk/238890/
http://eprints.gla.ac.uk/


  activPAL CREA and VANE comparison 

Comparison of the activPAL CREA and VANE algorithms for characterization of posture 1 

and activity in free-living adults 2 

 3 

ABSTRACT 4 

Background: The activPAL accelerometer is used widely for assessment of free-living activity 5 

and postural data. Two algorithms, VANE (traditional) and CREA (new), are available to 6 

analyze activPAL data, but the comparability of metrics derived from these algorithms is 7 

unknown. Purpose: To determine the comparability of physical activity and sedentary behaviour 8 

metrics from activPAL’s VANE and CREA algorithms. Methods: Individuals enrolled in the 9 

LIFT trial (n=354) wore an activPAL accelerometer on the right thigh continuously for seven 10 

days on four occasions, resulting in 5,851 valid days of data for analysis. Daily data were 11 

downloaded in the PALbatch software using the VANE and CREA algorithms. Correlations, 12 

mean absolute percent error, effect sizes, and equivalence (within 3%) were calculated to 13 

evaluate comparability of the algorithms. Results: Steps, activity score, stepping time, bouts of 14 

stepping, and upright time metrics were statistically equivalent, highly correlated (r≥0.98), and 15 

had small mean absolute percent errors (≤2.5%) and trivial effect sizes (ES<0.07) between 16 

algorithms. Stepping bouts also had good comparability. Conversely, sedentary-upright and 17 

upright-sedentary transitions and bouts of sitting were not equivalent, with large mean absolute 18 

percent differences (17.4-141.3%) and small to very large effect sizes (ES=0.45-3.80) between 19 

algorithms. Conclusions: Stepping and upright metrics are highly comparable between 20 

activPAL’s VANE and CREA algorithms, but sitting metrics had large differences as the VANE 21 

algorithm does not capture non-wear or differentiate between sitting and lying down. 22 

Researchers using the activPAL should explicitly describe the analytic algorithms used in their 23 

work to facilitate data pooling and comparability across studies.  24 
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MVPA 26 

INTRODUCTION 27 

Over the last four decades, accelerometer-based physical activity monitors have evolved 28 

from bulky but simple, step- or Calorie-estimating devices to miniaturized, sophisticated devices 29 

capable of capturing rich acceleration data from which advanced activity and postural 30 

information can be derived (Intille, Lester, Sallis, & Duncan, 2012; Wong, Webster, Montoye, & 31 

Washburn, 1981). Today, accelerometers can be placed on a variety of body locations, 32 

depending on the type of data to be collected and to balance the desired accuracy and wear 33 

compliance (Troiano, McClain, Brychta, & Chen, 2014). The thigh placement is appealing in 34 

that it allows for the capture and differentiation of seated and upright postures as well as between 35 

stationary and non-stationary activity (Steeves et al., 2015), thereby allowing for differentiation 36 

between sedentary, light, and moderate- to vigorous-intensity activities based on a combination 37 

of body position and acceleration (Edwardson et al., 2017). The placement on the leg also allows 38 

for accurate step counting across a variety of activity types and movement speeds (except for 39 

very slow walking) (Grant, Ryan, Tigbe, & Granat, 2006; Stansfield, Hajarnis, & Sudarshan, 40 

2015) and may have good comparability across device brands (Crowley et al., 2019). 41 

Additionally, as the device is typically taped in place on the thigh and designed to be worn 42 

continuously, wear compliance on the thigh has been shown to be high in large, cohort-based 43 

studies (Edwardson et al., 2017; Hamer et al., 2020; Stevens et al., 2020).  44 

One such commonly-used device, the activPAL (PAL Technologies, Ltd., Glasgow, UK), 45 

has been developed specifically for wear on the thigh and has been validated for assessment of 46 

steps and posture in laboratory and free-living settings (Grant et al., 2006; Kozey-Keadle, 47 
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Libertine, Lyden, Staudenmayer, & Freedson, 2011; Lyden, Kozey Keadle, Staudenmayer, & 48 

Freedson, 2012; Steeves et al., 2015). The traditional algorithm, called “VANE” in the activPAL 49 

software, allows for derivation of stepping, limited postures (seated, upright, and stepping), and 50 

transitions from sedentary to upright and upright to sedentary postures. In December 2018, a beta 51 

version of a new, enhanced “CREA” algorithm was added to the activPAL software, and the full 52 

release of the CREA algorithm occurred in June 2019 (version 8.11.1.47; 53 

https://kb.palt.com/knowledge-base/palanalysis-version-history/). This new algorithm provided 54 

the original metrics included in the VANE algorithm but added determination of non-wear; 55 

splitting of stepping into cycling and non-cycling stepping; and parsing of sitting into sitting, 56 

seated transport, and both primary (nighttime) and secondary (daytime) lying down. This new 57 

algorithm advances the ability to understand the health implications of posture, activity, and 58 

sleep. However, prior to widespread use of the CREA algorithm, clarity is needed in several 59 

areas. First, metrics which are new to the CREA algorithm should be validated; preliminary work 60 

has been done for some of the new activPAL variables including non-wear (Carlson et al., 2021; 61 

Winkler et al., 2016) and primary lying down (Courtney et al., 2021; Hettiarachchi et al., 2021; 62 

Lyden, John, Dall, & Granat, 2016; van der Berg et al., 2016). Second, the CREA should be 63 

compared against the traditional VANE algorithm to determine if and how to compare the results 64 

across studies using different algorithms. For this latter question, we are unaware of any past 65 

research that has compared outputs from activPAL’s VANE and CREA algorithms. While it 66 

would seem that the CREA simply decomposes some of VANE’s metrics into more granular 67 

postures (e.g., CREA stepping + CREA cycling = VANE stepping), preliminary analysis by our 68 

group revealed that outputs from CREA could not be used to perfectly reconstruct the VANE 69 

variables. Therefore, our study’s purpose was to perform a thorough analysis comparing outputs 70 

https://kb.palt.com/knowledge-base/palanalysis-version-history/
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from the VANE and CREA algorithms in free-living adults and determine which variables are 71 

equivalent.  72 

METHODS 73 

Participants 74 

Data for this study came from a UK-based clinical trial; individuals with inflammatory 75 

rheumatic disease (n=368) were recruited for participation in the LIFT randomized clinical trial 76 

(trial registration number: NCT03248518), and the main goal of the trial is to lessen fatigue in 77 

this population. Details of the LIFT trial inclusion criteria are described in detail elsewhere 78 

(Martin et al., 2019). Individuals who completed one week of accelerometer wear (n=354) were 79 

eligible for inclusion in this study. Participants were primarily female (~75%) and had 80 

rheumatoid arthritis (~56%), with an average age of 57.9±12.5 years and average duration of 81 

living with their rheumatic condition of 11.5±10.0 years. All participants provided informed 82 

consent to participate in the study, and study methods were approved by the Research Ethics 83 

Committee Wales REC 7 (17/WA/0065).   84 

Protocol 85 

Participants reported to a study site or research facility for four assessment visits over the 86 

course of a year, with visits 1, 2 and 3 spaced roughly three months apart and visit 4 roughly six 87 

months after visit 3 (one year following visit 1). At each visit, participants were fitted with an 88 

activPAL3 micro (PAL Technologies Ltd., Glasgow, UK) accelerometer. The accelerometer was 89 

affixed to the midline of the anterior portion of the right leg using Tegaderm (3M, Maplewood, 90 

MN, USA) hypoallergic tape. The Tegaderm allowed the accelerometer to be worn continuously. 91 

The accelerometer was set to begin recording the day after participants were fitted with the 92 
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device and recorded triaxial data at 20 Hz for seven days. Participants were instructed to wear 93 

the accelerometer at all times until the seven measurement days were completed, at which time 94 

participants mailed it back to research staff in a pre-paid envelope.  95 

Upon receipt of the accelerometer, data were downloaded from the “Daily summaries” 96 

export selection option using the PALbatch software (version 8.11.5.64; PAL Technologies Ltd., 97 

Glasgow, UK). First, summary metrics for each valid day were downloaded using activPAL’s 98 

VANE algorithm, which the PALbatch software describes as “The standard PAL analysis 99 

algorithm.” Then, using the same software defaults, summary metrics for each valid day were 100 

downloaded using activPAL’s CREA algorithm, which the PALbatch software describes as the 101 

“Enhanced analysis algorithm.” For both algorithms, the minimum sedentary and upright 102 

postures for determination of transitions was set at the default of 10 seconds. The VANE 103 

algorithm outputs steps, activity score (MET-hours), time spent in sitting (all seated and lying 104 

body positions plus non-wear)/upright/stepping postures, and sedentary-upright and upright-105 

sedentary transitions. The CREA algorithm captures the same metrics but parses VANE’s sitting 106 

time metric into non-wear, sitting, seated transport (which is also counted as part of the sitting 107 

time metric), and both primary (overnight) and secondary (during the daytime) lying down. With 108 

the CREA algorithm, sitting and secondary lying would be considered “sedentary time”, while 109 

primary lying would be used to derive sleep estimates. Additionally, stepping time is divided into 110 

cycling time and non-cycling stepping time. Postures are determined by a combination of 111 

accelerometer orientation and movement data, and METs are determined by a combination of 112 

posture and step counts (Edwardson et al., 2017). Transitions (both sedentary-upright and 113 

upright-sedentary) are calculated in the software as times where the wearer’s body position shifts 114 
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from “non-upright” (e.g., sitting, lying) to “upright” (e.g., standing, stepping). VANE and CREA 115 

data were aligned by participant and day for analysis.  116 

Statistical analysis 117 

 All valid days (>20 hours of wear time, no data errors noted by the software, and 1440 118 

minutes of recording time) were analyzed (rather than averages across a participant) across all 119 

visits; participants could therefore contribute up to 28 data points (7 days * 4 visits) for analysis. 120 

Total daily steps, activity score (MET-hours), sitting time (both unadjusted [as reported by 121 

software] and “adjusted” by summing composite sitting + primary lying + secondary lying + 122 

non-wear), stepping time, standing time, upright time, the number of sedentary-upright and 123 

upright-sedentary were compared between VANE and CREA algorithms using Pearson 124 

correlations, mean absolute differences, and mean absolute percent differences, with a mean 125 

absolute percent difference of <3.0% indicating excellent agreement (Holbrook, Barreira, & 126 

Kang, 2009). Additionally, equivalence testing was conducted. In equivalence testing, an 127 

equivalence region must be defined; we used a 3% limit to indicate equivalence between 128 

algorithms as this is a strict threshold which would require a high level of agreement between 129 

algorithms (Dixon et al., 2018). We implemented equivalence testing using two one-sided tests 130 

of equivalence using the TOSTER package (version 0.3.4) in R). Finally, effect sizes were 131 

calculated for differences between algorithms and were interpreted as ES<0.20 = trivial, 132 

0.20≤ES<0.50 = small, 0.50≤ES<0.80 = Medium, 0.80≤ES<1.30 = Large, and ES>1.30 = very 133 

large (Cohen, 1988).  134 

These same statistical tests were conducted for comparing several secondary metrics 135 

reported by the software for sitting bouts (number of bouts >30 minutes, number of bouts >60 136 

minutes, time spent in bouts >30 minutes, time spent in bouts >60 minutes), stepping bouts 137 
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(bouts <1 minute, bouts 1-5 minutes, bouts 5-10 minutes, bouts 10-20 minutes, and bouts >20 138 

minutes, along with number of steps taken in each of these bout durations), and stepping 139 

cadences (time at a cadence ≥75 steps/minute, time at a cadence ≥75 steps/minute for a duration 140 

>1 minute, number of steps taken at a cadence ≥75 steps/minute, number of steps taken at a 141 

cadence ≥75 steps/minute for a duration >1 minute, time at a cadence ≥100 steps/minute, time at 142 

a cadence ≥100 steps/minute for a duration >1 minute, number of steps taken at a cadence ≥100 143 

steps/minute, number of steps taken at a cadence ≥100 steps/minute for a duration >1 minute).  144 

To evaluate if differences between algorithms was a function of activity level or type of 145 

activity participation, Bland-Altman plots (Bland & Altman, 1986) were constructed comparing 146 

the average of CREA and VANE algorithms against the difference between the CREA and 147 

VANE algorithms for each variable. Finally, because steps, METs, and postural data were not 148 

identical between algorithms (see Results), we did some follow-up in subjects whose data were 149 

outliers for each variable, defined as difference between algorithms that fell more than 3.0 150 

standard deviations away from the mean. In these files, we looked at daily totals as well as 60-151 

second epochs to determine the cause of disagreement. Additionally, the CREA algorithm 152 

reports accelerometer alignment and data errors in separate columns, and these were evaluated 153 

when difference between algorithms occurred. All analyses were conducted in Microsoft Excel 154 

2016 (Microsoft Corp., Redmond, WA, USA) and RStudio (version 1.1.423; R Core 155 

Development Team, Vienna, Austria). 156 

RESULTS 157 

Across the four possible one-week visits, participants (n=354) provided a total of 907 158 

visits of data and a total of 5,851 valid days, at an average of 6.5 valid days per visit. Data from 159 

primary outcome metrics are shown in Table 1. Correlations were high (≥0.97) for all metrics 160 
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except unadjusted sitting time. Additionally, mean absolute differences in time spent in each 161 

posture were <8 minutes (and mean absolute percent differences <4%) for all measures except 162 

unadjusted sitting time, with the disagreement between sedentary-upright transitions being ~7-8 163 

per day (~17% difference). Effect sizes were trivial for all except unadjusted sitting time (very 164 

large effect size) and both sedentary-upright and upright-sedentary transitions (small effect 165 

sizes).  166 

** INSERT TABLE 1 AND TABLE 2 HERE** 167 

Using the 3% equivalence threshold (primary outcomes shown in Figure 1), all primary 168 

outcomes were equivalent (signified by having a mean difference and its 95% confidence 169 

interval falling entirely within 3% of the mean for the metric) except for unadjusted sitting, 170 

standing, and both the sedentary-upright and upright-sedentary transitions. Data from secondary 171 

outcome metrics can be found in Table 2, with equivalence graphs shown in Supplemental Data 172 

1. For most metrics, there were significant differences and a lack of equivalence between 173 

algorithms. However, effect sizes were trivial, mean absolute differences were <3%, and 174 

correlations were high (≥0.96) for all metrics except the sitting bout metrics. 175 

** INSERT FIGURE 1 HERE** 176 

Bland-Altman plots (primary outcomes shown in Figure 2, secondary outcomes shown in 177 

Supplemental Data 2) show narrow limits of agreement for total steps, MET-hours, standing 178 

time, upright time, and stepping time as well as most of the secondary metrics other than sitting 179 

bouts.  180 

** INSERT FIGURE 2 HERE** 181 
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Outliers were rare for most variables. Total daily steps were <200 steps different between 182 

algorithms for all data. For MET-hours, upright time, standing time, stepping time, and adjusted 183 

sitting time, two observations were made. First, the outliers seemed to cluster in files with poorer 184 

alignment of the accelerometer on the thigh. For example, the average thigh alignment reported 185 

by the software for the outlier files was lower (93.9%) than non-outlier files (96.7%). Second, 186 

the outliers in standing and adjusted sitting time occurred more frequently when there were 187 

outliers in sedentary-upright and upright-sedentary transitions. For the sedentary-upright and 188 

upright-sedentary transitions, the VANE algorithm always had at least as many as the CREA 189 

algorithm, with the difference between algorithms increasing as the total number of transitions 190 

increased. These occurred most frequently when the VANE algorithm noted a change from 191 

sedentary to upright, non-stepping posture (rather than transitions from sedentary to stepping 192 

behaviors), whereas the CREA did not note such change in postures. The same was true for 193 

upright-sedentary transitions. In the transition outlier files, the disagreement in transitions was 194 

most pronounced in the waking hours, with 79% of disagreements happening between the hours 195 

of 9am-8pm. 196 

Finally, for unadjusted sitting and all secondary sitting bout metrics, the largest 197 

differences between metrics occurred in files with the most lying down (primary or secondary) 198 

detected by the CREA algorithm.  199 

DISCUSSION 200 

 This study’s purpose was to evaluate the comparability of metrics derived from the 201 

traditional (VANE) and new (CREA) algorithms available within activPAL’s data analysis 202 

software. None of the metrics were identical between algorithms (i.e., having point estimates that 203 

matched perfectly), signaling that there is a difference in how the VANE and CREA algorithms 204 
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calculate steps and postural metrics, and therefore also the transitions between sedentary and 205 

upright postures. However, for many of the primary metrics (total steps, MET-hours, upright and 206 

stepping time, adjusted sitting time), the data were statistically equivalent to within 3% and had 207 

mean absolute percent differences <3%, both of which are rigorous criteria demonstrating 208 

excellent comparability between algorithms. The only posture not statistically equivalent, 209 

standing time, narrowly missed equivalence at 3% (upper bound 7.4 minutes, where 7.1 minutes 210 

would have been equivalent) but would have been equivalent at a 4% threshold (where an upper 211 

bound under 9.4 minutes is considered equivalent)). Additionally, the high correlations, small 212 

absolute and absolute percent differences, and trivial effect sizes further demonstrate excellent 213 

comparability between algorithms for most primary metrics. Fewer of the secondary metrics, 214 

which focus mostly on detecting bouts of sitting and stepping, were statistically equivalent due to 215 

occasional outliers resulting in wide standard deviations in differences between algorithms. 216 

Nevertheless, for all but the bouts of sitting metrics, mean absolute percent differences were <3% 217 

and therefore indicate good agreement.  218 

However, metrics that included sitting behaviours demonstrated poor comparability. This 219 

is not surprising, as the VANE algorithm groups sitting, lying down, and non-wear into a single 220 

“sitting” metric, while the CREA assesses them as separate constructs. Encouragingly, a metric 221 

equivalent to VANE’s sitting can be computed by summing the CREA’s sitting, non-wear, and 222 

primary and secondary lying down metrics, and we called this “adjusted sitting” in our analysis. 223 

Seated transport was not included into adjusted sitting as transport is already included in CREA’s 224 

sitting time.  225 

The other primary metrics which showed poor comparability were transitions between 226 

sedentary and upright postures, and vice versa. The VANE algorithm had more sedentary-upright 227 
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transitions than the CREA algorithm in 99.9% (5,844 out of 5,851) of files and more upright-228 

sedentary transitions in 99.6% (5,826 out of 5,851) of files, and in no files did the CREA 229 

algorithm have more transitions than the VANE. In examining second-, minute-, and hour-level 230 

data from outlier files, disagreements in postural transitions occurred almost exclusively where 231 

the CREA algorithm classified the time as mostly/all sitting (not lying down, non-wear, or any 232 

other posture) but the VANE algorithm recorded a mix of sitting and upright postures (resulting 233 

in postural transitions), but no stepping. As noted in the Results, these disagreements occurred 234 

primarily during waking hours. In the file with the greatest disagreement in total transitions, 1.2-235 

1.3% of 1-minute epochs had different numbers of sedentary-upright or upright-sedentary 236 

transitions. As noted in the Results, much of the discrepancy in transitions between algorithms 237 

occurred during waking hours, and very few disagreements occurred when the CREA algorithm 238 

indicated primary lying activity. Therefore, it is unlikely that awakenings during the night to use 239 

the toilet, tend to a child, or do other nighttime activities would be classified differently or lead 240 

to major dissimilarities between algorithms. It is unclear why the algorithms disagree on such 241 

transitions, as sitting and upright postures are distinctly recognizable through changes in thigh 242 

angle, as has been demonstrated in past work (Steeves et al., 2015). However,, but it our results 243 

do provide evidencedoes show that the algorithms have a slight difference in the way they detect 244 

sitting vs. standing, resulting in under certain circumstances the algorithms some disagreement 245 

when differentiating betweenidentify seated and standing postures under certain 246 

circumstancespostures differently. As noted in the Results, these disagreements occurred 247 

primarily during waking hours. 248 

Notably, the disagreement in sitting time as well as transitions to and from sedentary 249 

postures led to large differences in some of the secondary metrics, mainly the number of 250 
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prolonged sedentary bouts and the time spent in prolonged sitting (>30 minutes and >60 251 

minutes). And unlike our adjusted sitting metric, there is not an easy way to recalculate these 252 

metrics to make them comparable between the VANE and CREA algorithms. Prolonged 253 

sedentary behaviour appears to have negative health effects, with the breaking up of sedentary 254 

bouts being important for reducing some of their negative health implications (Dunstan et al., 255 

2012; Loh, Stamatakis, Folkerts, Allgrove, & Moir, 2020). Therefore, accurate measures of 256 

transitions from sedentary to non-sedentary behaviours are key to better understanding health 257 

implications of sedentary behaviour patterns. It is not possible from this study to determine 258 

which algorithm is more accurate for the transition metrics, so future work should examine 259 

which one more accurately assesses breaks in sedentary behaviours.  260 

In our literature search, few papers using the activPAL mentioned which algorithm they 261 

used for analyzing their data. For studies that analyzed activPAL data prior to June 2019, there 262 

was less need to report such information since there were no algorithm choices to be made. 263 

However, now that two algorithms exist for analyzing the data and produce different metrics 264 

(some of which we found to be non-equivalent), it is important that studies report which 265 

algorithm they choose when analyzing data. In some cases, it may be possible to infer which 266 

algorithm was used based on the variables reported (e.g., if a study reports time lying down from 267 

the activPAL, it is likely the CREA algorithm). However, some researchers employ methods not 268 

available in the activPAL analysis software for deriving similar metrics. For example, past 269 

research has developed several methods available for detecting activPAL non-wear and 270 

wake/sleep time (Bassett et al., 2014; Hettiarachchi et al., 2021; van der Berg et al., 2016; 271 

Winkler et al., 2016) without using activPAL’s CREA algorithm. Given the push for pooling of 272 

thigh-worn data by groups such as the ProPASS consortium (Crowley et al., 2019; Stevens et al., 273 
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2020), it is critical for researchers using the activPAL to be explicit in the protocols they employ 274 

when analyzing activPAL data. Especially as ProPASS identified that many researchers want to 275 

maintain control of their own data analyses (rather than centralized processing) (Stevens et al., 276 

2020), data download and analysis methods must be explicit for replication and comparability 277 

purposes.  278 

Study strengths and limitations 279 

 Our study had several notable strengths. Our sample size was large and diverse in age and 280 

physical ability. The wide range in daily step counts in this study (range 82-34,490; mean 7,172; 281 

median 6,308) is comparable to other adult populations (Bassett, Wyatt, Thompson, Peters, & 282 

Hill, 2010; Tudor-Locke et al., 2011), providing support of the generalizability of the data. 283 

Further, downloading data from the same device rather than collecting data in monitors worn 284 

side-by-side eliminated any possible issues with device placement or inter-device reliability. 285 

 Our study also had notable limitations. The population, while large and diverse, 286 

comprised adults with some form of diagnosed rheumatic condition (ranging from minimal to 287 

severe symptoms). Thus, these results should be confirmed in apparently healthy adults as well 288 

as in other populations such as children, who have very different movement and behavioural 289 

patterns. Additionally, due to the free-living nature of this study, we did not have a criterion 290 

measure for determination of which algorithm was most accurate for capturing the metrics 291 

deemed not equivalent between algorithms. Finally, agreement between algorithms would likely 292 

have been higher (more favorable) if primary lying would have been removed from the dataset 293 

(i.e., prior to processing the VANE variables), as is often done using self-reported bed times in 294 

past work (Lynch et al., 2019). However, as our results show, the improvements in agreement 295 
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would likely have been modest as most of the disagreement between algorithms occurred during 296 

the daytime hours. 297 

Conclusions 298 

 Our study found equivalence to a strict 3% threshold for steps, stepping time, upright 299 

time, MET-hours, and adjusted sitting time as well as many bouted stepping metrics when 300 

comparing outputs from activPAL’s VANE and CREA data analysis algorithms. However, 301 

transitions between sedentary and upright postures as well as bouted and unadjusted sitting were 302 

not equivalent, and had large differences, between algorithms. Given our findings, it is possible 303 

to compare some of the activPAL’s metrics across studies using different analysis algorithms. 304 

However, when using the activPAL, researchers should be explicit about what 305 

algorithms/methods they use to analyze data. Only with clear reporting of analysis choices will 306 

pooling and comparability of activPAL data from studies across different research groups and 307 

over time be fully possible. 308 
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TABLES AND FIGURES 414 

Table 1. Comparison of outputs from the VANE and CREA algorithms in PALbatch software for 415 

primary outcome metrics. 416 

 VANE 

algorithm 

CREA 

algorithm 

Correlation Mean 

absolute 

difference 

Mean 

absolute 

percent 

difference 

Effect 

size 

Steps 

 

7171.6 (4126.4) 7171.5 (4126.3) 1.00 2.4 (4.3) 0.0 (0.1) 0.00 

MET-hours 

 

33.4 (1.7) 33.4 (1.8) 0.98 0.1 (0.4) 0.2 (1.3) 0.04 

Sitting time 

unadjusted (min) 

1100.4 (139.0) 546.5 (152.6)* 0.55 554.0 (138.5) 69.3 (21.1) 3.80 

Sitting time 

adjusted (Sitting + 

non-wear + lying 

down (min) 

1100.4 (139.0) 1107.7 (137.4) 0.99 7.5 (19.4) 0.7 (1.8) 0.00 

Standing) time 

(min) 

245.4 (110.4) 237.9 (107.9)* 0.98 7.6 (20.8) 3.4 (9.5) 0.07 

Upright time (min) 

 

339.6 (139.0) 332.2 (137.4) 0.99 7.6 (20.8) 2.5 (7.6) 0.05 

Stepping time 

(min) 

94.2 (47.7) 94.2 (47.7) 1.00 0.0 (0.1) 0.1 (0.1) 0.00 

Sedentary-upright 

transitions 

50.0 (17.2) 42.5 (16.0)* 0.97 7.5 (4.5) 17.6 (10.7) 0.45 

Upright-sedentary 

transitions 

50.0 (17.2) 42.5 (16.0)* 0.97 7.5 (4.5) 17.4 (10.6) 0.45 

*Indicates that VANE and CREA algorithms are not equivalent at a 3% threshold. 417 
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Table 2. Comparison of outputs from the VANE and CREA algorithms in PALbatch software for 419 

secondary outcome metrics. 420 

 VANE 

algorithm 

CREA 

algorithm 

Correlation Mean 

absolute 

difference 

Mean 

absolute 

percent 

difference 

Effect 

size 

Number of sitting 

bouts >30 min 

 

8.2 (2.6) 4.7 (2.3)* 0.76 3.4 (1.7) 60.4 (37.0) 1.45 

Number of sitting 

bouts >60 min 

 

4.2 (1.7) 1.5 (1.3)* 0.66 2.7 (1.3) 113.1 (60.2) 1.41 

Time (min) spent in 

sitting bouts >30 min 

843.4 (175.6) 280.0 

(162.9)* 

0.63 563.5 (146.0) 106.9 (35.5) 3.03 

Time (min) spent in 

sitting bouts >60 min 

674.6 (175.4) 143.2 

(146.5)* 

0.62 531.5 (142.8) 141.3 (45.3) 2.81 

Stepping time (min) 

with duration ≤1 min 

67.9 (30.2) 67.9 (30.2) 1.00 0.1 (0.1) 0.1 (0.2) 0.00 

Stepping time (min) 

with duration >1 to 5 

min 

17.4 (17.0) 17.0 (16.5)* 0.98 0.4 (3.2) 2.0 (12.3) 0.04 

Stepping time (min) 

with duration >5 to 10 

min 

4.8 (9.0) 4.7 (8.9) 0.99 0.1 (1.5) 1.8 (18.0) 0.02 

Stepping time (min) 

with duration >10 to 

20 min 

2.6 (7.8) 2.5 (7.5)* 0.97 0.1 (1.9) 1.4 (16.0) 0.04 

Stepping time (min) 

with duration >20 min 

1.5 (8.5) 1.3 (7.9)* 0.96 0.2 (2.4) 1.3 (13.4) 0.04 

Number of steps with 

duration ≤1 min 

4592.2 

(2101.9) 

4591.9 

(2101.5) 

1.00 3.1 (8.6) 0.1 (0.2) 0.00 

Number of steps with 

duration >1 to 5 min 

1607.6 

(1616.4) 

1566.2 

(1573.4)* 

0.98 42.7 (328.3) 2.0 (12.9) 0.03 

Number of steps with 

duration >5 to 10 min 

512.6 (970.3) 497.2 

(953.8)* 

0.98 15.5 (175.0) 1.8 (18.0) 0.02 

Number of steps with 

duration >10 to 20 

min 

287.3 (865.9) 269.3 

(826.9)* 

0.96 18.0 (231.2) 1.4 (16.1) 0.04 

Number of steps with 

duration >20 min 

171.9 (976.3) 151.7 

(914.5)* 

0.96 20.3 (271.5) 1.0 (13.5) 0.04 

Stepping time (min) at 

cadence ≥75 steps/min 

43.7 (33.2) 42.9 (32.5) 0.99 0.8 (5.7) 1.5 (9.5) 0.04 

Stepping time (min) at 

cadence ≥75 

steps/min, duration >1 

min 

23.1 (26.8) 22.3 (26.1)* 0.98 0.8 (5.7) 2.6 (17.0) 0.05 

Number of steps at 

cadence ≥75 steps/min 

4217.2 

(3432.4) 

4128.5 

(3346.9) 

0.98 91.2 (654.0) 1.6 (10.6) 0.04 

Number of steps at 

cadence ≥75 

steps/min, duration >1 

min 

2367.9 

(2871.0) 

2279.3 

(2777.9)* 

0.97 89.1 (654.3) 2.7 (17.6) 0.06 
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Stepping time (min) at 

cadence ≥100 

steps/min 

17.1 (22.6) 16.5 (22.0)* 0.98 0.6 (4.6) 2.3 (16.2) 0.05 

Stepping time (min) at 

cadence ≥100 

steps/min, duration >1 

min 

13.3 (20.8) 12.8 (20.2)* 0.98 0.6 (4.6) 2.9 (20.2) 0.05 

Number of steps at 

cadence ≥100 

steps/min 

1903.4 

(2602.9) 

1832.5 

(2520.8)* 

0.98 71.8 (561.9) 2.4 (16.7) 0.05 

Number of steps at 

cadence ≥100 

steps/min, duration >1 

min 

1499.4 

(2401.2) 

1428.5 

(2321.1)* 

0.97 71.3 (562.0) 2.9 (20.6) 0.05 

*Indicates that VANE and CREA algorithms are not equivalent at a 3% threshold. 421 
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Figure 1. Equivalence testing for VANE and CREA algorithms for primary outcome metrics. 423 

Data are considered equivalent if the mean difference (square marker on each plot) and its 95% 424 

confidence interval lies entirely within the 3% equivalence zone (represented as black, dotted 425 

vertical lines on each plot). 426 

 427 

Figure 2. Bland-Altman plots comparing VANE and CREA algorithms for primary outcome 428 

metrics. 429 

 430 
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