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Assessing the Gymaware RS Linear Position Transducer Reliability and Validity in 
Measuring Countermovement Jump Height
Zeki Akyildiz a and Deniz Şentürkb

aSports Science Faculty, Department of Coaching Education, Afyon Kocatepe University, Afyonkarahisar, Türkiye; bSports Science Faculty, 
Department of Coaching Education, Gelisim University, Istanbul, Türkiye

ABSTRACT
This study evaluated the concurrent validity and intra-device reliability of a linear position trans
ducer (LPT) for counter-movement jump (CMJ) height. Twenty-six subjects (22.21 ± 5.3 years) 
performed five CMJs using a force plate (Forcedecks) concurrently with the LPT to test validity. 
A statistically significant difference was found between the force plate and Gymaware units. 
Although there are differences between strength platforms and Gymaware units, there is no 
difference between the Gymaware units. Bland-Altman analysis for validity revealed that LPT 
overestimated jump height for CMJ in both units, Gymaware RS unit 1 and Gymaware RS unit 2. 
Gymaware RS equipment, like the force platform, provides reliable measurement data. The 
Forcedecks force platform, Gymaware RS unit 1, and Gymaware RS unit 2 provide data below 5% 
CV. The Gymaware RS overestimates jump height, but it is a reliable tool for tracking changes in 
jump height to measure performance improvement and monitor fatigue.

KEYWORDS 
Countermovement Jump; 
linear position transducer; 
measurement; validity; 
reliability

Introduction

The countermovement jump (CMJ) is the most widely 
used vertical jump test for evaluating neuromuscular 
status and monitoring fatigue (Alba-Jiménez et al.,  
2022). The standardized nature of the CMJ test, com
bined with its low risk of injury and ease of administra
tion, has facilitated its widespread adoption by coaches 
and athletes under real-world field conditions (Marrier 
et al., 2017). CMJ offers a rapid and straightforward 
assessment method, utilizing numerous scientifically 
validated techniques. In addition, reliable technologies 
are available for its implementation, causing minimal 
additional fatigue (Marrier et al., 2017). The CMJ also 
offers sustained and high sensitivity in detecting 
changes in neuromuscular function, with neuromuscu
lar fatigue likely reflecting both the stretch – shortening 
capability of the lower-limb muscles and the capacity to 
assess muscular fatigue (Twist & Highton, 2013).

Historically, jump performance has been assessed 
using expensive, laboratory-based force platforms, 
which are considered the gold standard (Walsh et al.,  
2006). The validity of force platforms as a criterion 
measure is underpinned not only by their hardware 
precision but also by the mathematical rigor of the 
numerical methods used to process force-time data. 
The specific choice of computational algorithm, such 

as flight-time versus numerical integration, is critical, as 
it directly influences the accuracy of jump height esti
mation (Chiu & Dæhlin, 2020). By selecting the force 
platform as our reference, we ensure that the validity of 
wearable technologies is evaluated against this highest 
level of computational precision. However, sports tech
nology advances have made it feasible to perform these 
measurements with various devices, including acceler
ometer-based systems (Dragutinovic et al., 2024), video 
cameras (Şentürk et al., 2024), linear position transdu
cers (LPTs) (Ruiz-Alias et al., 2024), and jump mats 
(Reeve & Tyler, 2013). The increased utilization of velo
city-based resistance training methods by strength and 
conditioning coaches and sports scientists has also 
resulted in a concomitant rise in the use of LPT-based 
devices (Balsalobre-Fernández & Torres-Ronda, 2021). 
LPTs are practical, portable devices that utilize optical 
encoding technology to measure the displacement and 
velocity of an object (Pérez-Castilla et al., 2019). Gym- 
Aware represents a distinct category of LPT, as it incor
porates an angle sensor positioned near the base of the 
tether where it connects to the spool (Gym-Aware; 
Kinetic Performance Technologies, Canberra, 
Australia). The measurement of vertical-only displace
ment can be achieved with high accuracy, provided that 
any horizontal movement is corrected for using basic 
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trigonometry (Harris et al., 2010). Although various 
kinematic variables (e.g., force, power, and velocity) 
can be derived from CMJ measurements (Crewther 
et al., 2011; García-Ramos et al., 2017; Hansen et al.,  
2011a, 2011b; Pérez-Castilla et al., 2017), jump height is 
the most frequently reported outcome in both research 
and applied sport settings, making it a logical focus for 
the present study. However, using these devices to assess 
CMJ height has been the subject of investigation in only 
two studies, which reported good to excellent test – 
retest reliability (ICC = 0.70–0.95) and strong correla
tions with force plate measurements (r = 0.90). 
Nevertheless, these studies also consistently overesti
mated jump height by approximately 7–9 cm, indicating 
that caution is warranted when interpreting absolute 
values (O’Donnell et al., 2018; Wadhi et al., 2018).

The Gym-Aware RS model, a recent addition to the 
market, stands out with its unique features, including x- 
axis correction for angular displacement, 2D bar path 
tracking, and improved positional resolution (~0.8 mm) 
with updated data processing algorithms (Gymaware,  
2024). To our knowledge, no study has yet investigated 
the validity and reliability of the new Gym-Aware RS 
model in measuring CMJ height, nor examined the 
inter-unit consistency of its measurements. This study 
aims to fill this gap by evaluating the concurrent validity 
and test – retest reliability of the Gym-Aware RS device 
for measuring countermovement jump performance, 
using a force plate as the criterion reference. 
A secondary objective is to assess the inter-unit consis
tency between two Gym-Aware RS devices.

Methods

Subject

Twenty-six physically active males, with an average 
age of 23.02 ± 2.04 years, willingly enrolled in this 
research. The participants exhibited a mean body 
mass of 78.9 ± 25.6 kg and a body height of 172.7 ±  
18.58 cm. An a priori power analysis was conducted 
using G*Power software (version 3.1.9.7; Heinrich- 
Heine-Universität Düsseldorf, Düsseldorf, Germany) 
to determine the minimum sample size required to 
detect a moderate effect size. Based on a repeated me- 
sures design, with an alpha level of 0.05, a statistical 
power of 0.80, and a Cohen’s f effect size of 0.25, the 
analysis indicated that a minimum of 24 participants 
was required. Therefore, our final sample of 26 parti
cipants was deemed sufficient to provide adequate 
statistical power for the assessment of both validity 
and reliability. All subjects demonstrated high profi
ciency in executing the CMJ during the familiarization 

session, ensuring proper technique was employed. 
CMJ testing was a regular component of their training 
programs. None of the participants exhibited physical 
limitations or neuromuscular injuries that could 
impair CMJ performance. Participants were explicitly 
instructed to refrain from engaging in strenuous 
lower-body exercise for the study and to arrive at 
each testing session rested. Before participation, all 
subjects received a comprehensive verbal explanation 
of the testing procedures and provided written 
informed consent, indicating their voluntary agree
ment to participate in the study. The study protocol 
adhered to the principles of the Declaration of 
Helsinki and received approval from the Institutional 
Review Board.

Study design

The primary objective of this study was to evaluate the 
concurrent validity and test – retest reliability of the 
Gym-Aware RS in measuring countermovement jumps 
CMJ height, utilizing a force plate as the criterion. The 
force plate was selected as the criterion measure because 
it is widely recognized as the gold standard in biome
chanical research. Unlike mechanical jump-height 
assessment tools that rely on manual reach or physical 
contact, the force plate provides superior precision and 
objective temporal data, ensuring a more robust valida
tion of wearable sensor technologies. The study’s sec
ondary objective was to assess the inter-unit consistency 
between two Gym-Aware RS devices. Participants were 
required to attend the laboratory on two separate occa
sions: the fi, ing a familiarization session; the second, an 
experimental session. During the familiarization ses
sion, the participants were informed in detail about 
the study’s purpose, procedures, and potential risks. 
Following this briefing, the subjects’ body mass and 
stature were measured. To ensure the accuracy of 
jump height calculations, the stabilization of body 
weight measurement was strictly controlled, as impro
per averaging of the quiet standing period can introduce 
significant systematic errors (Street et al., 2001). In the 
present study, the automated weighing protocol of the 
VALD ForceDecks was utilized. Each participant was 
required to stand motionless for a minimum of 2–3  
seconds prior to each jump. The software verified 
a stable force-time baseline (Standard Deviation < 20 
N) and provided an auditory signconfirmingirm that 
body mass had been accurately determined before the 
trial commenced. This procedure minimized potential 
errors in weight-averaging duration and offset determi
nation, as recommended by (Street et al., 2001). 
Participants then completed a standardized warm-up 
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consisting of five minutes of cycling at a self-selected 
pace, six repetitions of forward and lateral lunges, for
ward and lateral leg swings, and bodyweight squats.

Furthermore, the subjects were permitted to perform 
two self-selected mobilization exercises of their choice. 
This was followed by CMJs performed progressively at 
perceived intensities of 80%, 90%, and 100% (two repe
titions at each intensity). Subsequently, whilst wearing 
a belt fitted with two Gym-Aware devices, participants 
performed five CMJs on a force platform. After a 48- 
hour interval, the experimental session was conducted, 
commencing with the identical standardized warm-up 
protocol. Participants then performed five CMJs on 
a force platform, with a one-minute recovery period 
between jumps. The participants were encouraged to 
exert maximum effort throughout the trials to achieve 
the highest possible jump height. Trials that did not 
meet the required technical criteria were repeated fol
lowing a 1-minute recovery period.

Data acquisition

Participants stood motionless on the force platform 
(ForceDecks, FDLite V.2, VALD, Brisbane, Australia) 
until the software accurately measured their body 

weight (version 2.0.9105) (Collings et al., 2024). The 
CMJ protocol required participants to start upright 
with a straight torso, fully extended knees, and feet 
shoulder-width apart. Before each jump, participants 
were instructed to remain completely still, after which 
a standardized “3, 2, 1, go” countdown was given. They 
were then required to complete the jump in one con
tinuous motion. The movement sequence began with 
a rapid countermovement, during which participants 
descended to a self-selected depth, immediately fol
lowed by an explosive upward motion to maximize 
jump height. Throughout the movement, participants 
were instructed to act as much as possible along 
a vertical path (Markovic et al., 2004). During all CMJ 
trials, simultaneous measurements were obtained using 
two GymAware RS devices (Kinetic Performance 
Technologies, Canberra, Australia) attached to the 
same point on a belt worn by the participants and 
positioned vertically beneath them using Velcro straps 
(Orange et al., 2019). The test procedure is shown in 
detail in Figure 1. GymAware measurements were 
recorded in real-time using the GymAware mobile 
application (version 5.6.1). For testing, the two Gym- 
Aware RS units were placed between the plates of the 
force platform. To ensure stability, each Gym-Aware RS 

Figure 1. Illustration of the countermovement jump (CMJ), showing the initial and peak positions. A more detailed demonstration can 
be found in the video at https://www.youtube.com/shorts/9kyTQYGYjek.
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base plate was secured by placing a 5-kg weight plate 
beneath it, allowing the four magnets on the underside 
of the Gym-Aware plate to make complete contact with 
the metallic surface. Each participant performed five 
CMJ trials, with a 1-minute rest interval between 
jumps. Trials were repeated if they failed to meet the 
following technical criteria: (a) maintaining a vertical 
path for the sensor tether without excessive cord slack, 
(b) landing cleanly within the force plate boundaries 
without loss of balance, and (c) adhering to the specified 
jump technique (e.g., keeping hands on hips throughout 
the movement). Any trial involving a preparatory move
ment artifact or an improper landing was excluded and 
repeated after a 1-minute rest. Jump height was 
recorded for all trials. For the force platform, jump 
height was determined using the flight-time method.

Jump height was calculated from the force plate data 
using the flight-time method to ensure methodological 
synchronization with the GymAware RS. Although the 
impulse-momentum method is often cited as the gold 
standard for force plate analysis (Linthorne, 2001), the 
flight-time algorithm was specifically selected here to 
provide a direct “like-for-like” comparison with the LPT 
technology. By aligning the calculation models, we 
aimed to isolate the measurement accuracy of the LPT 
without the confounding influence of differing physical 
calculation principles. To satisfy the assumption that the 
center of mass (COM) remained consistent at take-off 
and landing, a strict protocol was enforced: two 
researchers visually monitored each trial to ensure par
ticipants maintained full leg extension during the flight 
and landing phases. Any trials involving significant knee 
or hip flexion (“tucking”) were immediately excluded 
and repeated. All recorded jump height values from 
both systems were included in the analysis. Jump height 
data from all devices were transferred in real time to an 
Excel spreadsheet during the measurement sessions.

Statistical analysis

All statistical analyses were conducted using JASP soft
ware (version 0.95.0), developed by the University of 
Amsterdam, Amsterdam, The Netherlands. Descriptive 
statistics are presented as mean values and standard 
deviations (SD) for each device and condition. The 
normality of the data was verified using the Shapiro – 
Wilk test. Concurrent validity was further assessed 
using Bland – Altman analyses, which estimated the 
mean bias and 95% limits of agreement between mea
surement systems. These plots provided visual and sta
tistical evaluations of systematic error and device 
agreement. Reliability analyses were conducted for 
each measurement system. The standard error of 

measurement (SEM) was calculated as an absolute 
index of measurement precision, while the coefficient 
of variation (CV%) was used as a relative index of 
within-device consistency. A CV% threshold of ≤5% 
was considered indicative of excellent reliability. 
Additionally, the minimal detectable change at 95% 
confidence (MDC95) was calculated to determine the 
smallest change that can be interpreted as a genuine 
difference beyond measurement error.

All statistical analyses were conducted to evaluate the 
absolute reliability and measurement error of the 
devices. Absolute reliability was assessed using the 
SEM, the MDC95, and CV%. The MDC95 was calculated 
as MDC95 =1:96� SEM �

p
2=5 to determine the 

threshold for true performance changes, accounting 
for the five repeated measurements (Weir, 2005). The 
results are presented with exact p-values, 95% confi
dence intervals (CI), and effect sizes. The results are 
presented with exact p-values, 95% confidence intervals 
(CI), and effect sizes where applicable to interpret the 
findings comprehensively. All statistical tests were per
formed at the significance level of p < .05.

Results

Descriptive values for each jump, highlighting differ
ences in repetitions and equipment, are presented in 
Figure 2. Across all repetitions, Gymaware RS units 
consistently reported higher jump heights compared to 
the Force Plate. However, the two Gymaware RS units 
yielded similar results throughout all repetitions.

The Bland-Altman plots (Figures 3,4,5) illustrate the 
level of agreement and the distribution of random error 
between the measurement systems. Method comparison 
revealed a systematic bias, with Gymaware Unit 1 
reporting higher values than the Force Plate (Mean 
bias: −6.16 cm; 95% limits of agreement (LoA): −11.84 
to −0.48 cm). A similar systematic offset was observed 
for Gymaware Unit 2 (Mean bias: −6.32 cm; 95% LoA: 
−11.91 to −0.73 cm). In contrast, the inter-unit agree
ment between the two Gymaware devices was excellent, 
demonstrating a negligible mean difference of −0.16 cm 
(95% LoA: −2.55 to 2.24 cm). These results indicate that 
while a stable systematic bias exists between the LPT 
technology and the force plate, the Gymaware RS units 
demonstrate high internal consistency. While this sta
tistical agreement is strong, the 95% LoA range of 
approximately 4.8 cm represents a level of random mea
surement error that cannot be ignored. While these 
devices are systematically consistent, this inherent 
“noise” means that in real-world practice, small differ
ences between measurements should be interpreted 
with caution.
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Reliability metrics for all devices are displayed in 
Table 1. All three devices demonstrated high measurement 
precision, with SEM values ranging from 0.28 to 0.32 cm. 
CV% values were remarkably low (Force Plate: 0.82% [95% 
CI: 0.72%–0.96%]; GymAware Unit 1: 0.95% [95% CI: 
0.83%–1.11%]; GymAware Unit 2: 0.92% [95% CI: 
0.80%–1.07%]), suggesting excellent relative reliability. 

The minimum detectable change at the 95% confidence 
level was comparable across devices, ranging from 0.35 cm 
to 0.40 cm, indicating high sensitivity in detecting true 
performance changes. These metrics were calculated to 
account for the five repeated measurements per partici
pant, ensuring consistency with the statistical guidelines 
proposed by (Weir, 2005).

Figure 2. Descriptive values of measurement methods based on repetitions.

Figure 3. Bland–Altman plot for agreement between the force plate and the GymAware unit 1 in measuring jump height (cm).
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Figure 4. Bland–Altman plot for agreement between the force plate and the GymAware unit 2 in measuring jump height (cm).

Figure 5. Bland–Altman plot for agreement between the GymAware unit 1 and the GymAware unit 2 in measuring jump height (cm).

Table 1. Reliability analysis.
Device Mean (SD) SEM (cm) CV% (95% CI) MDC95 (cm)

Force Plate 34.75 (5.53) 0.28 0.82 (0.72–0.96) 0.35
GymAware Unit 1 40.91 (5.35) 0.32 0.95 (0.83–1.11) 0.40
GymAware Unit 2 41.06 (5.89) 0.31 0.92 (0.80–1.07) 0.38
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Discussion

This study evaluated the concurrent validity and intra- 
unit reliability of the GymAware RS linear position 
transducer (LPT) in measuring countermovement 
jump (CMJ) height. The results revealed a significant 
overestimation of jump height by the GymAware RS 
compared to a force plate (Forcedecks), yet demon
strated excellent measurement consistency across trials 
and between devices.

These findings are consistent with previous studies in 
the literature (O’Donnell et al., 2018). reported a mean 
overestimation of 7.0 ± 2.8 cm by the GymAware LPT in 
female athletes compared to a force plate. Similarly 
(Wadhi et al., 2018), found 8.68 ± 2.99 cm overestima
tions in CMJ height. In the present study, the 
GymAware RS units overestimated CMJ height by 
6.16 cm and 6.31 cm (Units 1 and 2, respectively), 
further reinforcing this trend. These discrepancies are 
primarily attributable to fundamental methodological 
differences. In the present study, jump height was esti
mated using the flight-time method for both devices to 
ensure methodological parity during comparison. We 
acknowledge that while force plates or jump height 
estimation via flight time, the impulse-momentum 
method is regarded as the gold standard because it 
directly translates force-time data. The preference for 
force plates as a criterion measure is supported by their 
superior ability to acquire kinetic data. The specific 
choice of computational algorithm – such as flight- 
time versus numerical integration – is critical, as it 
directly influences the accuracy of jump height estima
tion (Chiu & Dæhlin, 2020). However, flight time was 
intentionally selected here to facilitate a direct compar
ison between the two technologies under typical field- 
testing conditions. Furthermore, LPTs derive jump 
height from cable displacement, which may capture 
vertical torso movement or slight deviations in the 
cable’s path, inherently differing from the center-of- 
mass elevation measured by force plates.

Despite these absolute discrepancies, the reliability 
metrics of the GymAware RS units were highly favor
able. Both units demonstrated coefficients of variation 
(CVs) well below the accepted 5% threshold—1.12% 
and 1.16%—showing comparable reliability to the 
force plate (CV = 1.43%). Additionally, the minimal 
difference between the two GymAware devices 
(MD = −0.16 cm) underscores strong intra-device 
consistency. These findings support the use of 
GymAware RS for tracking longitudinal changes in 
jump height performance, rather than for absolute 
measurement comparison against gold-standard 
equipment.

As noted in our results, while the consistency of the 
GymAware RS units is statistically robust, the 95% LoA 
of 4.79 cm warrants practical rather than statistical con
sideration. In the daily training environment, this range 
of random error is critical; for instance, a 2–3 cm fluc
tuation in an individual’s jump height might be indis
tinguishable from the device’s internal measurement 
noise. Therefore, we honestly advise practitioners to 
avoid swapping devices during an athlete’s training 
block. To ensure that observed changes reflect true 
physiological adaptations rather than measurement arti
facts, we recommend prioritizing longitudinal monitor
ing with a single, dedicated device per athlete.

It is crucial to emphasize that these results do not 
suggest that GymAware RS is interchangeable with 
force plates for performance monitoring or bench
marking. However, in applied settings, particularly 
where portability and time efficiency are priorities 
(e.g., team training environments), GymAware offers 
a practical and reliable alternative for monitoring 
neuromuscular readiness and fatigue (Akyildiz 
et al., 2022; Garrett et al., 2019, 2020). One limitation 
of the present study is the lack of a test – retest 
reliability assessment across multiple days, which 
has been evaluated in previous studies, such as 
those by O’Donnell et al. and Wadhi et al. Future 
investigations should further assess inter-day reliabil
ity to establish the tool’s consistency over time. 
Moreover, the current study’s sample comprised 
individuals at the recreational level, which may 
limit the generalizability of the results to elite athletic 
populations or clinical groups. A limitation of the 
study is that only male athletes were included; there
fore, future studies should verify these findings in 
female populations.

Conclusion

GymAware RS LPT significantly overestimates CMJ 
height relative to a force plate; it demonstrates excellent 
intra-unit reliability and consistent measurement out
put. These findings align with existing literature and 
affirm GymAware RS as a dependable tool for monitor
ing performance trends over time. Coaches and sport 
scientists can confidently use GymAware RS to assess 
training effects, readiness, and fatigue in field settings, 
provided systematic overestimation is accounted for 
and cross-device comparisons are avoided. Future 
research should expand validation efforts across diverse 
populations and across multiple sessions to further sup
port the practical deployment of this approach in elite 
sport contexts.
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