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HOW ACCURATE ARE WEARABLE ACTIVITY TRAKCERS FOR MEASURING STEPS?

Jung-Min Leel. Ph.D., Gregory Jones!, Hyun-Sung Anl, Jungyoon Kim?, Danae M. Dinkel
ICollege of Health, Physical Education and Recreation, University of Nebraska at Omaha, “College of Public Health, University of Nebraska Medical Center

ABSTRACT METHODS (Cont.) RESULTS (Cont.)

Wearable activity trackers have become popular for tracking individual’s daily physical activity, but Instruments Figure 1. Mean absolute percentage error (= SD) for all monitors with total steps (n = 38).
little or no Iinformation Is available to substantiate the validity of these devices in step counts. = The monitors included the Basis B1 band (BB), Misfit Shine (MS), Polar Loop —
PURPOSE: 'I_'h_e purpose of this study_was to systemically examine _the_valldlty of newly develope_d (PL), and Jawbone UP (UP) worn on the right wrist: the Nike+Fuelband (NF), v oo
wearable activity trackers for measuring steps compared to the criterion measure (hand tally) In _ _ _ o _ N 70
two different conditions. METHODS: Twenty (28.2+4.8 years) healthy males (n=19) and females Garmin VivoFit (GV), and Fitbit Flex (FF) worn on the left wrist; and Withings 40.0%
(n=17) participated in the study. The participants were fitted with eight wearable activity trackers Pulse (WP) and Fitbit Zip (FZ) worn with a clip on the waist. 35.0%
while walking and running on a treadmill (speeds of 2, 2.5, 3, 3.5, 4, and 5 mph) for 3-minutes at 30.0% __ T ool £0%
each speed. For overground protocol, participants walked at three-self-determined speeds; -
. . 25.0% __ 23.3%
gradually becoming faster (slow, normal, and fast) for one lap on an indoor track (200 meter track). ‘ G o 0 : .
The number of actual steps taken was manually tallied by researchers using a hand-tally counter. - 20.0% ] o T 151304 16.10}07'”)
The monitors included the Basis B1 band (BB), Misfit Shine (MS), Polar Loop (PL), and Jawbone e HLIE Sl Pl Lo S ems LI ST A 15.0% 2 bos 10_7,(}()3-4%
UP (UP) worn on the right wrist; the Nike+Fuelband (NF), Garmin VivoFit (GV), and Fitbit Flex 10.0% 4_;1&% 600/‘2-9% c ool 3 6.0% 7.6%
(FF) worn on the left wrist; and Withings Pulse (WP) and Fitbit Zip (FZ) worn with a clip on the ﬁ 0 5.0% 1.0% 2.1% 4.$% - K
waist. Step counts from each monitor were compared with criterion values from manually counted 0.0% | i L l l I
steps. RESULTS: Total step counts (means + SD) were 329.5£71.0, 267.8£89.9, 290.6+£105.1, e EE T Withings Pulse Bodymedia Fitbit Zip ~ Withing Jawbone UP Basis B1 Garmin ~ SenseWear Fitbit Flex Misfit Shine Polar Loop  Nike Fuel
326.2 +73.2, 282.2+85.1, 294.3+85.8, 329.2+70.0, 322.1+75.7, 310.8+82.8, and 318.+76.7, for Procedures Pulse VIVOF Min
manual counts, NF, MS, WP, PL, FF, FZ, UP, GV, and BB, respectively. Corresponding absolute = Treadmill = Overground

= The participants were fitted with eight wearable activity trackers while walking

error rates (computed as the average absolute value of the individuals’ errors) were 19.8+16.4%,

Figure 2. Results from 95% equivalence testing for agreement in total steps between observed steps and all

18.9+12.2%, 17.4+15.8%, 11.3+13.1%, 0.7+1.4%, 4.5+7.8%, 6.6+12.6%, and 3.5+6.0%, and running on a treadmill (speeds of 2, 2.5, 3, 3.5, 4, and 5 mph) for 3-minutes at :
. . . monItors.
respectively. ANOVA and Post hoc analyses with Bonferroni revealed the MS, WP, FZ, UP, GV, each speed.
and BB were the devices to give non-significant differences (p> .05) compared to the manual step . - - i i - _ . - -
counts, but significant differences were found with NF, PL, and FF. CONCLUSION: The results ~or Overground _protocol, participants walked at three-self determn_wed speeds, P“\\/:‘ E :
demonstrate that the waist-oriented trackers, FZ and WP, show the most accuracy in measuring gradually becoming faster (slow, normal, and fast) for one lap on an indoor track Pulse®* i -
steps. However, promising preliminary findings were observed with the wrist-oriented trackers, BB, (200 meter track), Jawbone UP** - -
Ll alnel G = The number of actual steps taken was manually tallied by researchers using a Basis B1+ : -
hand-tally counter. : .
INTRODUCTION b - .
Data Analyses BodyMedia® : :
» Wearable activity trackers have become popular for tracking individual’s daily  The Mean step scores was calculated for each treadmill walking speed and Fitbit Flex : :
physical activity, but little or no information is available to substantiate the overground walking speed for all eight pedometers. Misfit Shine : :
validity of these devices in step counts. * The scores were tested using one-sample t-tests and Bonferroni corrections for Polar Loop - :
multiple comparisons. Nike Fuel : -
PURPOSE * The Mean Absolute Percent Error (MAPE) were calculated to determine accuracy 240 250 260 270 280 290 300 310 320 330 340 350 360 370 380 390 400 410 420
- Total steps from treadmill and overgroun steps
of each device. e | nd overmround (srees)
e The purpose of this study was to systemically examine the validity of newly ° Correlations were be than calculated for each monitors steps recorded and the R e S ———
developed wearable activity trackers for measuring steps compared to the criterion actual steps counted. S | S —— _
measure (hand tally) in two different conditions. - Bland-Altman plots were used to distinguish similarities between the different * ANOVA and Post hoc analyses with Bonferroni revealed the MS, WP, FZ, UP, GV, and
measures of steps. BB were the devices to give non-significant differences (p> .05) compared to the manual
METHODS step counts, but significant differences were found with NF, PL, MS, and FF.
RESULTS * Fitbit zip, Withing Pulse, Jawbone UP, Basis B1, Garmin VivoFit, and BodyMedia Fit are
Participan - - - | Y equl -
arficipants Table 2. Total Steps for treadmill and overground Table 3. Correlation matrix for total number of steps m_ th_e 1_0 /0 equ!valert Z0ne . .
Treadmil M Mean Std. Dewviation  Minimom Maximum  MAPE (%) Teadmt e 75 Puse Ub B wefd  Mm . Fe« Snme Lom Fus ° Fltblt le, Wlthlng PJIS€1 ‘JaWbOne Up are In the 5% eqUIvalent Zone.
Male Range Female Range IOt nmn i o= . e e e e e e e * Jawbone UP is the only wrist-oriented monitor that is in the 5% equivalent zone.
Age [yrs) 35.4 + 14.5 21.0 — B6.0 267 £+ 5.0 10.0 — 39.0 - o o e re e ew s e
Height {cm} 1774 +5.0 163.8 — 186.7 168..3 + 5.5 157.5 - 177.8 Gm Ziﬁ?ﬁf ors ‘?:'E 5: - DISCUSSION
Weight (kg) 79.9 + 12.1 57.0 — 103.0 53.4 + 8.7 45.3 — 79.3 e oo o e
BMI (kg -] e a4 g ooy a A . O o g T T e T E T T e R e e * The present study demon_strated th_e walst-oriented trackers, Fitbit Zip and Withing Pulse,
wmaruse  ss  smer  ssms e seme  m ol R e show the most accuracy In measuring steps.
Abbreviations: BMI, Body mass index jaeeue o ass7s e woo  amre s e B . * However, promising preliminary findings were observed with the wrist-oriented trackers,
. : 0 o o e e BB, UP, and GV.
* Twenty (28.2+4.8 years) healthy males (n=19) and females (n=17) participated In menrion s ssome  seer  wmo s s - o . . . .. _
he stuﬁlé years) y ( ) ( ) P P 2 = sem e swo e o » Additional research Is needed to examine these trackers in free-living settings.
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