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Abstract—This study aimed to analyze the agreement
between five bar velocity monitoring devices, currently used
in resistance training, to determine the most reliable device
based on reproducibility (between-device agreement for a
given trial) and repeatability (between-trial variation for each
device). Seventeen resistance-trained men performed dupli-
cate trials against seven increasing loads (20-30-40-50-60-70-
80 kg) while obtaining mean, mean propulsive and peak
velocity outcomes in the bench press, full squat and prone
bench pull exercises. Measurements were simultaneously
registered by two linear velocity transducers (LVT), two
linear position transducers (LPT), two optoelectronic cam-
era-based systems (OEC), two smartphone video-based
systems (VBS) and one accelerometer (ACC). A comprehen-
sive set of statistics for assessing reliability was used.
Magnitude of errors was reported both in absolute (m s21)
and relative terms (%1RM), and included the smallest
detectable change (SDC) and maximum errors (MaxError).
LVT was the most reliable and sensitive device (SDC 0.02–
0.06 m s21, MaxError 3.4–7.1% 1RM) and the preferred
reference to compare with other technologies. OEC and LPT
were the second-best alternatives (SDC 0.06–0.11 m s21),
always considering the particular margins of error for each
exercise and velocity outcome. ACC and VBS are not
recommended given their substantial errors and uncertainty
of the measurements (SDC > 0.13 m s21).

Keywords—Standard error of measurement, Velocity-based

resistance training, Exercise testing, Monitoring, Strength

performance, Validity.

INTRODUCTION

Considerable research attention has been paid to
monitoring movement velocity during resistance
training in recent years.14,15,26,30 Velocity-based resis-
tance training (VBRT) has been proposed as an
effective method to better characterize the resistance
training stimulus and, specifically, to more precisely
gauge the actual effort or intensity at which athletes
train. VBRT requires the use of particular technologies
to monitor bar velocity during training, and it has
multiple practical applications.15,25,28,30–33 VBRT has
been found to be a robust, non-invasive and highly
sensitive method to estimate key performance indica-
tors, such as the relative loading intensity, maximum
strength (one-repetition maximum, 1RM) and the level
of effort and neuromuscular fatigue incurred during a
training set.15,22,25,28,31,32 These practical applications
are however dependent on the actual degree of relia-
bility exhibited by the different existing technologies
and particular devices currently used for measuring bar
velocity. It has been shown that small changes in the
velocity developed against some reference workloads
are accompanied by critical improvements in the neu-
romuscular and functional performance of well-trained
athletes. For instance, an increment in mean concentric
velocity of just 0.07 to 0.10 m s21 is associated with
improvements of ~ 5% 1RM strength in main resis-
tance exercises such as the bench press (BP), full back
squat (SQ) and prone bench pull (PBP).15,22,31,32 Thus,
in order to successfully implement a VBRT interven-
tion, it is imperative to use sufficiently accurate and
reliable technologies for measuring bar velocity.16
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