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Abstract: Countermovement jump (CM]J) performance analysis is vital in sports science for assessing
lower-body strength and neuromuscular efficiency. This study evaluated the validity of the Enode
Sensor and My Jump 3 App for measuring vertical jump heights, comparing them to those measured
using the established Force Plate. Twenty-nine participants performed CM]Js measured using each
device. Descriptive statistics indicated mean jump heights of 48.4 & 4.18 cm (for the Enode Sensor),
47.3 + 4.05 cm (for My Jump 3), and 46.1 &+ 4.03 cm (for the Force Plate). Reliability was confirmed
via Intraclass Correlation Coefficients (ICCs), with the Enode Sensor at 0.914 and My Jump 3 at 0.968,
demonstrating excellent reliability. Bland—-Altman analysis showed mean biases of 2.281 cm (for
the Enode Sensor) and 1.297 cm (for My Jump 3) against the Force Plate, with limits of agreement
suggesting close alignment. Strong positive correlations were observed (for the Enode Sensor,
r = 0.972 and for My Jump 3, r = 0.987; p < 0.001), and linear regression analysis produced R? values of
0.945 and 0.973, respectively, confirming both tools” accuracy for vertical jump measurement. These
findings indicate that although both tools are suitable for CM] assessment, My Jump 3 demonstrated
slightly superior accuracy, underscoring the potential for accessible, reliable performance monitoring
in sports contexts.

Keywords: CM]J; explosive lower-body power test; measurement accuracy; wearables; video-based

assessment tool; force platform; elite-level team athletes; consistency; athletic output;

vertical displacement

1. Introduction

Countermovement jump (CM]) assessment serves as a cornerstone in sports science,
widely recognized for evaluating lower-body power, neuromuscular performance, and
overall athleticism [1]. This assessment method holds particular importance in sports, such
as basketball, where explosive strength is essential for performance in movements, like
jumping, sprinting, and changing directions [2]. The CM] involves a rapid downward
movement followed by an explosive upward jump, effectively utilizing the stretching—
shortening cycle to maximize power output [3]. Given their role in assessing explosive
performance, CMJ metrics can inform training choices and load management, helping
coaches and practitioners to maximize training effectiveness and minimize overtraining
risks [4,5].

Research indicates that CM] assessments can help to identify athletic talent and track
performance changes over time, with notable studies investigating its utility across sports
and populations. For instance, Haugen et al. [6] analyzed CM] performance in female
soccer players, finding that CMJ assessments could help to identify athletes with superior
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neuromuscular function and jumping ability. Similarly, Pocitinas [7] emphasized the im-
portance of consistent pre-test protocols for accurate CM]J results, highlighting a strong
association between pre- and post-warmup CM] performance in basketball players. Ad-
ditionally, research on the interaction between the human body and surfaces of varying
stiffness, such as that by Arampatzis et al. [7], reveals that softer surfaces can enhance jump
performance by increasing the ratio of the positive-to-negative mechanical work, with ad-
justments influenced by both surface stiffness and movement intensity. Moreover, studies
show that short-duration static stretching may not significantly affect jump performance or
alter neuromuscular parameters, such as the maximum voluntary contraction, strain, or
stiffness [8], underscoring the complexity of factors that impact CMJ performance and its
broader applicability in sports assessment.

CM]J assessments can derive numerous kinetic and kinematic variables—including
jump height, peak power, the rate of force development, and peak velocity—offering
comprehensive insights into an athlete’s explosive capabilities and overall neuromuscular
health [9,10]. Claudino et al. [1] further validated CM]J height as a reliable measure for
tracking neuromuscular status in athletes, underscoring its relevance for monitoring fatigue
and recovery.

Traditional CM] measurement methods, such as Force Platforms and motion capture
systems, are often viewed as gold standards because of their precision in capturing ground
reaction forces and detailed kinematic data [11]. Force Platforms, for instance, accurately
quantify jump metrics, like vertical jump height, peak force, and the rate of force develop-
ment [12]. Despite their accuracy, these tools are often expensive, require extensive setup,
and are typically confined to laboratory settings, limiting their practicality in routine field
assessments [1,13].

Recent technological advancements have aimed to address these limitations by intro-
ducing more accessible alternatives, notably, wearable sensors and mobile applications [14].
Devices like the Enode Sensor leverage accelerometers and gyroscopes to capture motion
data during jumps, offering a portable and cost-effective option for performance moni-
toring [15]. Likewise, mobile applications, such as My Jump, utilize smartphone cameras
and advanced video analysis algorithms to estimate jump height and other CMJ metrics,
thus making performance assessment more accessible and practical for day-to-day use
by athletes and coaches [16]. Although these tools offer convenience, they may also face
challenges in accuracy, especially in uncontrolled environments, where factors such as
surface variations and user positioning can impact data reliability [15,17].

A considerable body of research has explored the accuracy and reliability of the My
Jump application and various wearable devices in jumping assessments [17-31]. Validity,
which measures how well a tool assesses its intended construct, and reliability, which con-
cerns the consistency of repeated measurements, are central to evaluating these tools [32,33].
Several studies have mentioned that My Jump can provide valid, reliable jump height
measurements comparable to those from Force Plates in controlled environments, making
it a practical alternative for settings beyond the lab [17,34-36]. Wearable devices, such as ac-
celerometers and inertial measurement units, have also demonstrated promising accuracy,
though factors like sensor placement and calibration can affect data quality [4,37]. Research
on the Enode Plus (formerly VmaxPro) for measuring vertical jump height remains com-
paratively limited, with no studies to date directly assessing its validity against both the
My Jump 3 Application and the Force Plate standard.

The aim of this study is to evaluate and compare the accuracy and reliability of CM]
data obtained from the Enode Sensor and My Jump 3 Application against those obtained
from a gold-standard Force Plate. Specifically, this study sought to answer (1) how CM]J
data from the Enode Sensor compare to Force Plate data in terms of accuracy and reliability,
(2) how CM]J data from the My Jump 3 App compare to Force Plate data, and (3) how the
validity and reliability of the Enode Sensor compare directly to those of My Jump 3.
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2. Materials and Methods
2.1. Participants

A total of 29 male professional basketball players (Mage: 23.0 + 4.5 years, range: 18-31;
body mass: 92.0 £ 13.0 kg; body height: 193 & 8.5 cm) were recruited as volunteers from
a first-division National Championship basketball club in Hungary. The group consisted
of six point-guards (20.69%), five shooting guards (17.24%), six small forwards (20.69%),
seven power forwards (24.14%), and five centers (17.24%). The players had an average of
11.76 £ 3.58 years of experience in competitive events. Their training experience at the am-
ateur level averaged 9.10 =+ 1.68 years, while their elite-level training experience averaged
2.66 £ 2.64 years. All the participants were healthy and actively engaged in competitive
basketball. Each participant attended one testing session, with a total duration of 30 min.

Inclusion criteria included active participation in competitive basketball (>5 years),
experience with countermovement jump testing, and no history of lower extremity injuries
within the past six months, which could impact the jump performance. Exclusion criteria
included participants with recent lower extremity injuries or surgeries within the past
year, as these conditions may impair neuromuscular function, strength, and coordination.
Such impairments could potentially skew CM] performance data and lead to inaccurate
conclusions about baseline jump abilities in healthy athletes. Additionally, participants
were required to refrain from high-intensity physical activity for 48 h prior to testing to
ensure that fatigue did not influence their jump performance. The study was approved
by the ethics committee (approval number: RES2024/011). It was a non-interventional
study and conducted in accordance with the Declaration of Helsinki. Informed consent was
obtained from each participant and the basketball club, after being thoroughly informed
about the study’s purpose, procedures, and potential implications.

2.2. Data Collection and Analysis Procedures

This study employs a cross-sectional observational design to compare measurements
obtained from the Enode Sensor and My Jump 3 App against those obtained from a Force
Platform, which serves as the gold standard. Cross-sectional studies are well suited for
comparing different measurement tools within a single time frame, enabling efficient data
collection and analysis [38]. A power analysis was conducted to ensure an adequate sample
size for detecting a large effect [39,40], following Cohen’s criteria [41], which determined
the appropriate number of participants required for this study. Thus, a sample size of
29 participants is deemed as sufficient for validity studies in cross-sectional designs that
compare measurement tools [41].

Countermovement jump assessments were conducted in a controlled team setting
using laboratory-grade equipment within a S&C environment in a single session from 15:00
to 16:30, on a stable and level floor surface under consistent artificial lighting, with the
laboratory temperature maintained at 21 & 2 °C. The participants completed an 8-min tread-
mill warmup, followed by a 4-min dynamic stretching session that included quadriceps
stretches, front stretch kicks, forward lunges, bodyweight squats, and low-intensity counter-
movement jumps. Clear instructions were provided on performing the countermovement
jump without an arm swing. Given that prior experience with countermovement jump
assessments was an inclusion criterion, all the participants were already familiar with the
protocol. The participants stood with their hands positioned at their hips, performed a
countermovement to a depth of their choice, and then jumped as high as they could when
ready. Each participant completed three maximum-effort CMJs, with a 2-min rest between
attempts, and the highest jump was selected for analysis, as in similar studies [31]. Jump
heights were recorded simultaneously on all the devices. The participants performed the
jumps on a Force Platform while wearing an Enode Hip Belt with the Enode Sensor secured
inside, and each jump was video-recorded using a smartphone for analysis in the My Jump
3 Application.
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2.3. Research Tools
2.3.1. Enode Sensor

The Enode Sensor (formerly known as VmaxPro) is a wearable inertial measurement
unit (IMU) equipped with an accelerometer and gyroscope, specifically designed for sports
performance monitoring and programming. It tracks various aspects of athletic movements,
particularly those involving explosive power, such as jumps, sprints, and lifts [42].

The Enode Sensor is a small, lightweight, and portable device with dimensions of
44 x 27 x 13 mm and a weight of 16 g, making it easy to attach to the body or sports
equipment. It features a 12-h battery life, a wireless connectivity range of 15 m, and a mea-
suring range of >0.15 m/s, enabling the accurate measurement of rapid movements. The
sensor connects to a smartphone or tablet via Bluetooth, allowing for real-time data transfer
and analysis through the Enode application, which provides detailed visualizations and
performance metrics. In this study, the Enode app was operated on an iPhone 14 Pro. After
establishing a Bluetooth connection, the application displayed a real-time 3D representation
with six marked sides for proper sensor orientation. The sensor was briefly placed on
each side for precise calibration, ensuring accurate measurements. Triaxial acceleration
data were collected by the sensor’s inertial measurement unit (IMU) at a sampling rate
of 1000 Hz and transmitted via Bluetooth (~65 Hz) to the iPhone 14 Pro. These features,
combined with its compact design and ability to operate within a temperature range of
0-40 °C, ensured the device’s reliable performance under standard testing conditions [42].

The Enode Sensor measures parameters, such as jump height, flight time, peak power,
and force production, during movements, like the countermovement jump. It can also track
metrics, such as acceleration and top speed, during sprints and monitor lift velocity and
force to optimize training loads and techniques. Furthermore, it analyzes jump biomechan-
ics, including eccentric and concentric phases, to enhance technique and performance [42].

For countermovement jump assessments, the Enode Sensor must be attached close
to the center of mass. This placement minimizes measurement errors by capturing the
athlete’s total body movement during the jump. Ideally, the sensor is positioned on the side
above the hip of each participant, following a standardized protocol to ensure consistent
placement and minimize variability. This setup was achieved with the Enode Hip Strap,
which has a quick-release buckle, allowing for secure attachment of the sensor and quick
changes between athletes [42].

2.3.2. My Jump Lab App (My Jump 3)

The My Jump 3 App (formerly My Jump 2) is a mobile application available for iOS
and Android smartphones. For jump assessments, My Jump 3 uses the smartphone’s
camera and video analysis algorithms to estimate jump heights based on flight times. Users
record jumps with the smartphone camera, and the app analyzes the video to calculate
key metrics. It supports various jump types, including the countermovement jump (CM)J),
squat jump (S]), and drop jump (DJ). Designed with an intuitive interface, the app is
accessible to coaches, athletes, and sports scientists without requiring extensive technical
expertise. It allows for data storage within the app, with options for exporting data for
additional analysis or recordkeeping. The app also provides immediate feedback on jump
performance, enabling users to make quick adjustments during training (My Jump Lab Pro).
Specifically, the My Jump Lab App (My Jump 3) employs the same methodology as that
of My Jump 2, where jump analysis involves marking the takeoff and landing moments
on the time axis. According to the manufacturer, the new Al feature in My Jump Lab
enhances this process, using computer vision (image recognition) to create a bounding box
around the subject captured in the video and calculates their position in pixels during the
jump. These pixel data are then converted to centimeters, using the user’s body height as
a calibration factor. Preliminary testing of the app against a Force Plate showed excellent
validity, 0.93 between instruments, highlighting the app’s reliability for measuring vertical
jump heights [43]. In this study, My Jump 3 was used on an iPhone 14 Pro, which offers a
video-recording capacity of 240 frames per second (FPS). The smartphone was positioned
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on a stand 1.5 m from the participant, at a height of approximately 30 cm, following the
app’s recommended guidelines [17], which resulted in an observation angle of about 11.5°
from the ground, to ensure stability and minimize recording errors [44]. The app was
operated by an experienced observer with expertise as a strength and conditioning (5&C)
coach, ensuring adherence to the app’s guidelines.

2.3.3. Force Platform

Force Platforms, also known as Force Plates, are sophisticated measurement devices
used in sports science, biomechanics, and clinical settings to assess ground reaction forces
during various movements, including jumps, gaits, and balance tasks. These devices
provide detailed information about the forces exerted by the feet on the ground, which can
be used to analyze movement mechanics and performance [45].

Force Platforms measure three-dimensional ground reaction forces (vertical, anterior—
posterior, and medial-lateral) exerted by the feet during different movements. With high
sampling rates, they capture rapid force changes during explosive movements, like jumps.
Known for their high degrees of accuracy and precision, Force Platforms are considered as
the gold standard for biomechanical analyses. They measure forces along multiple axes,
providing comprehensive data on force directions and magnitudes [46].

In this study, a high-quality PJS-4P60S Force Platform with MV] v.4.0 software (“JBA”
Zb. Staniak, Warsaw, Poland) and a 400 Hz sampling rate will serve as the reference
standard for CM] measurements. The Force Platform connects through an analog-to-digital
converter (ADC) to a Dell Inspiron i7 laptop operating the MV] v.4.0 software. This setup
enables precise measurements of ground reaction forces during CMJs, providing accurate
data on jump heights. The platform will be calibrated according to the manufacturer’s spec-
ifications before data collection to ensure accuracy and reliability. Despite their accuracy,
Force Platforms require a controlled environment, limiting their application in everyday
training settings.

2.4. Statistical Analysis

Descriptive statistics were used to summarize the data, calculating means and standard
deviations for the highest vertical jump measurements recorded for each participant across
all the methods. The Shapiro-Wilk test was used to evaluate the data distribution normality,
while Levene’s test assessed the homogeneity of the variances. Reliability was assessed
through the Intraclass Correlation Coefficient (ICC), which measures the consistency or
reproducibility of quantitative measurements by different observers assessing the same
quantity [47]. Following the recommendations of Shrout and Fleiss, the intra-rater reliability
ICC was used to illustrate absolute agreement across multiple measurements. Reliability
was categorized as poor (ICC < 0.5), moderate (0.5 < ICC < 0.75), good (0.75 < ICC < 0.9),
or excellent (ICC > 0.9) [48].

Agreement between the Enode Sensor, My Jump 3, and the Force Plate was assessed
with Bland-Altman analysis, which provides a visual representation of the differences
between methods. This analysis calculates the mean bias (the average difference between
methods) and limits of agreement (mean difference & 1.96 times the standard deviation of
the differences) [49].

Correlation analysis was conducted to evaluate the strength and direction of relation-
ships between measurements from different methods, with both Pearson’s and Spearman’s
correlation coefficients calculated). Linear regression analysis was also performed to assess
how well measurements from the Enode Sensor and My Jump 3 could predict Force Plate
measurements. The coefficient of determination (R?) was used to quantify the proportion
of the variance in Force Plate measurements explained by the other methods [50].

This comprehensive data analysis approach involved multiple statistical methods to
rigorously evaluate the reliability and validity of the Enode Sensor and My Jump 3 against
those of the Force Plate. Combining descriptive statistics, reliability analysis, Bland—Altman
analysis, correlation analysis, and linear regression allowed for a robust understanding
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of the performances of these tools. These methods provided a detailed evaluation of CM]
performance data, summarizing trends (descriptive statistics), assessing consistency (relia-
bility analysis), evaluating agreement (Bland—Altman analysis), examining relationships
(correlation analysis), and predicting outcomes (linear regression). Statistical analyses were
conducted using Jamovi (version 2.3.28) [51-54] and SPSS (version 29.0.2.0) [55].

3. Results

The descriptive statistics for vertical jump heights measured using the Enode Sensor,
My Jump 3, and Force Plate are presented in Table 1. The Enode Sensor recorded the
highest mean vertical jump height (48.4 cm), followed by My Jump 3 (47.3 cm), with the
Force Plate recording the lowest mean vertical jump height (46.1 cm).

Table 1. Descriptive statistics (cm).

Device M £ SD SEM Min Max
EN 484 +4.18 0.77 39.0 54.3
MJ 47.4 +4.05 0.75 38.2 53.0
FP 46.1 +=4.03 0.74 37.8 52.4

Notes: EN—Enode Sensor; M]—My Jump 3; FP—Force Plate; M £ SD—Mean =+ Standard Deviation; SEM—Standard
Error of the Mean; Min—Minimum; Max—Maximum. All the values are presented in centimeters (cm).

The results, presented in Tables 2 and 3, provide ICC values for both Single Measures
and Average Measures, along with their respective 95% Confidence Intervals (Cls) and Sig-
nificance Levels. Both the Enode Sensor and My Jump 3 demonstrated excellent reliability
when compared to the Force Plate, with ICC values of 0.914 and 0.968, respectively, both of
which were statistically significant (p < 0.001).

Table 2. Reliability analysis of Enode Sensor compared to Force Plate measurements.

Intraclass Correlation Type = ICC Value 95% CI F Test dfl df2 Sig.
Single Measures 0.842 —0.042 to 0.963 69.351 28 28 0.00 *
Average Measures 0.914 —0.087 to 0.981 69.351 28 28 0.001 *

Notes: ICC—Intraclass Correlation Coefficient; CI—Confidence Interval; F—F-statistic for the reliability test;
df—degrees of freedom, Sig.—Significance Level. * p < 0.05.

Table 3. Reliability analysis of My Jump 3 compared to Force Plate measurements.

Intraclass Correlation Type ~ ICC Value 95% CI F Test dfl df2 Sig.
Single Measures 0.938 0.065 to 0.986 144.923 28 28 0.001 *
Average Measures 0.968 0.122 to 0.993 144.923 28 28 0.001 *

Notes: ICC—Intraclass Correlation Coefficient; CI—Confidence Interval; F—F-statistic for the reliability test;
df—degrees of freedom; Sig.—Significance Level. * p < 0.05.

The Bland-Altman analysis was conducted to evaluate the agreement between the
Enode Sensor and My Jump 3 against the Force Plate in measuring vertical jump heights.
The mean bias and limits of agreement for each comparison are presented in Tables 4 and 5,
with the corresponding scatterplots in Figures 1 and 2. The results indicated that both the
Enode Sensor and My Jump 3 tend to overestimate vertical jump heights compared to the
Force Plate.

Table 4. Bland-Altman analysis of Enode Sensor compared to Force Plate measurements.

95% Confidence Interval

Bland-Altman

Estimate Lower Upper
Bias (n =29) 2.281 1.908 2.65
Lower limit of agreement 0.362 —0.281 1.01

Upper limit of agreement 4.199 3.555 4.84
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Table 5. Bland-Altman analysis: My Jump 3 vs. Force Plate.

95% Confidence Interval

Bland-Altman

Estimate Lower Upper
Bias (n = 29) 1.2968 1.042 1.551
Lower limit of agreement —0.0141 —0.454 0.426
Upper limit of agreement 2.6077 2.168 3.048

Bland-Altman plot

Differences
o

40 45 50
Means
Figure 1. Bland—-Altman scatterplot: Enode Sensor vs. Force Plate. Notes: Green Area (Upper Limit
of Agreement): Indicates the upper bound of the agreement interval. Purple Area (Mean Difference):
Represents the average difference between the two methods, showing any systematic bias. Red Area
(Lower Limit of Agreement): Indicates the lower bound of the agreement interval. Points within
these limits demonstrate consistency between the methods, while outliers highlight discrepancies.

Bland-Altman plot

Differences

40 45 50
Means
Figure 2. Bland—Altman scatterplot: My Jump 3 vs. Force Plate. Notes: Green Area (Upper Limit of
Agreement): Indicates the upper bound of the agreement interval. Purple Area (Mean Difference):
Represents the average difference between the two methods, showing any systematic bias. Red Area
(Lower Limit of Agreement): Indicates the lower bound of the agreement interval. Points within
these limits demonstrate consistency between the methods, while outliers highlight discrepancies.

Specifically, in comparing the Enode Sensor to the Force Plate, the mean bias was
2.281 c¢m, indicating that the Enode Sensor generally overestimated vertical jump heights
by 2.281 cm relative to the Force Plate. The limits of agreement ranged from —0.281 cm to
4.84 cm, suggesting some variability in individual measurements.
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For My Jump 3 versus the Force Plate, the mean bias was 1.297 cm, with My Jump 3
overestimating jump heights by 1.297 cm on average. The limits of agreement, ranging from
—0.014 cm to 3.048 cm, suggest that My Jump 3 is closer to the Force Plate’s measurements,
indicating better agreement with the Force Plate compared to the Enode Sensor.

The correlation analysis (Table 6) between the Enode Sensor and the Force Plate
revealed an extremely strong positive relationship (Figure 3), with a Pearson correlation
coefficient of 0.972 and a Spearman correlation coefficient of 0.977. Similarly, the My Jump
3 App demonstrated a very strong positive relationship with the Force Plate (Figure 4),
showing a Pearson correlation coefficient of 0.987 and a Spearman correlation coefficient of
0.988. These results underscore the high levels of agreement between both the Enode Sensor
and My Jump 3 App with the Force Plate, supporting their use as reliable alternatives for
measuring vertical jump heights.

Table 6. Correlation analysis: Enode Sensor, My Jump 3, and Force Plate.

Correlation Analysis EN vs. FP M] vs. FP
Pearson’s r 0.972 0.986
Spearman’s rho 0.977 0.988

Notes: EN—Enode Sensor; M]—My Jump 3; FP—Force Plate.

EN FP

0.09 1

0.06

0.03 4

0.00 1

48 A

FP

44 4

40 A

T T T T T
40 45 50 55 40 44 48 52

Figure 3. Correlation and density distribution of vertical jump measurements: Enode Sensor vs. Force
Plate. Notes: Corr—Pearson correlation coefficient; EN—Enode Sensor; FP—Force Plate; *** denotes
significant correlation at the level of p < 0.001.

The linear regression analysis between the Enode Sensor (EN) and the Force Plate (FP)
demonstrates a strong predictive relationship, suggesting that the Enode Sensor closely
approximates measurements from the Force Plate. The model fit results reveal a high
degree of correlation, with an R value = 0.972 and an R? = 0.945, indicating that approxi-
mately 94.5% of the variance in Enode Sensor measurements can be explained by Force
Plate values. The overall model is statistically significant, as indicated by the F-statistic
(F(1, 27) = 466, p < 0.001), affirming the strength and reliability of the predictive model
(Table 7).
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MJ FP
0.100

0.075
0.050 - = MJ
0.025

0.000 -

FP

40 45 50 40 44 48 52

Figure 4. Correlation and density distribution of vertical jump measurements: My Jump vs. Force
Plate. Notes: Corr—Pearson correlation coefficient; M]J—My Jump 3; FP—Force Plate; *** denotes
significant correlation at the level of p < 0.001.

Table 7. Regression analysis of Enode Sensor and My Jump 3 App against Force Plate measurements.

Model Coefficients
. F .
Device R? Statistic Sig. Intercept Slope for Predictor 95% Confidence
(Estimate + SE) (Estimate + SE) Interval for Slope
Enode vs. Force Plate 0972 0.945 466 0.001* 1.85 £ 2.161 1.01 £ 0.047 from0.913 to 1.11
My Jump 3 vs. Force Plate 0986  0.973 966 0.001 * 1.64 +£1.476 0.992 £ 0.031 from 0.927 to 1.06

Notes: R—Pearson correlation coefficient; R2—Coefficient of determination; F—F-statistic for model significance;
Sig.—Significance level; *denotes significant correlation at the level of p < 0.001; Intercept (Estimate + SE)—Baseline
measurement with standard error; Slope for Predictor (Estimate + SE)—Rate of change in device measurement per unit
of change in Force Plate; 95% Confidence Interval for Slope—Precision range for slope estimates.

An examination of the model coefficients further supports this strong relationship.
The intercept is 1.85 (SE = 2.161, p = 0.398), indicating that the baseline difference between
the two methods is minor. The slope for the Force Plate predictor is 1.01 (SE = 0.047,
p <0.001), which is close to 1, suggesting a nearly one-to-one relationship between Force
Plate and Enode Sensor measurements. The 95% confidence interval for the slope (from
0.913 to 1.11) further reinforces this strong agreement, highlighting the Enode Sensor’s
reliability in measuring vertical jump heights in comparison to the gold-standard Force
Plate. These findings underscore the Enode Sensor’s potential as an accurate and cost-
effective alternative for vertical jump assessment, providing robust data closely aligned
with traditional laboratory-based Force Plate measurements.

The linear regression analysis between the My Jump 3 App and the Force Plate also
demonstrates a remarkably strong predictive relationship, indicating that My Jump 3
provides measurements closely aligned with those from the Force Plate. The model fit
statistics show an exceptionally high degree of correlation, with an R value of 0.986 and
an R? value of 0.973, meaning that 97.3% of the variance in My Jump 3 measurements can
be explained by Force Plate values. The overall model is statistically significant, with an
F-statistic of 966 (F(1, 27) = 966, p < 0.001), confirming the robustness and reliability of this
predictive model.
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4. Discussion

The current study reinforces the validity and reliability of both the Enode Sensor
and My Jump 3 App as tools for measuring vertical jump heights, establishing them as
accessible alternatives to traditional Force Plates. Both the Enode Sensor (mean bias: 2.3 cm;
ICC: 0.914; R%: 0.945; Pearson’s r: 0.972; Spearman’s rho: 0.977) and My Jump 3 (mean bias:
1.3 cm; ICC: 0.968; R2: 0.973; Pearson’s r: 0.987; Spearman’s rho: 0.988) demonstrated strong
accuracy relative to that of the Force Plate, with My Jump 3 exhibiting closer agreement, as
indicated by its lower bias and higher proportion of explained variance. Consistent with
previous research that highlights the utility of CM] assessments for evaluating lower-body
power and neuromuscular function in athletes [1,56], measurements with both devices
demonstrated high degrees of correlation with Force Plate measurements, indicating these
devices’ potentials for accurate performance tracking in sports settings.

The reliability analysis revealed that both devices had excellent Intraclass Correlation
Coefficients (ICCs), with values of 0.914 for the Enode Sensor and 0.968 for My Jump 3, both
statistically significant. High ICC values affirm the stability of these devices for repeated
measurements over time, making them feasible for longitudinal monitoring in training
contexts [32,33]. This finding is particularly significant in sports, where practitioners require
reliable tools to track performance changes and adjust training loads based on accurate
feedback [4].

Moreover, the strong positive relationships observed between each device and the Force
Plate, as indicated by Pearson and Spearman correlation coefficients (r = 0.972-0.988), align
with previous studies on the My Jump App’s validity for jump height assessment [17-20,34,44].
This high degree of correlation validates the suitability of both the Enode Sensor and My
Jump 3 App for assessing jump performance in both controlled and field environments,
especially given their cost effectiveness and portability compared to those of conventional
Force Plates [14,19].

The Bland-Altman analysis further revealed that both devices slightly overestimated
jump heights compared to those measured using the Force Plate, with mean biases of 2.281 cm
and 1.297 cm for the Enode Sensor and My Jump 3, respectively. The My Jump 3 App showed
closer agreement with the Force Plate, as evidenced by narrower limits of agreement (My Jump
3: from —0.014 to 3.048 cm; Enode Sensor: from —0.281 to 4.84 cm), indicating that My Jump
3 may offer greater precision. This finding aligns with studies that have reported near-perfect
agreement between My Jump and Force Plate measurements [17,57]. The higher precision
of My Jump 3 could be advantageous for practitioners who require detailed performance
analysis, such as in competitive environments or for elite athlete monitoring [14,58].

The regression analysis results further substantiate the reliability of these devices. R
values of 0.945 for the Enode Sensor and 0.973 for My Jump 3 indicate that a large pro-
portion of the variance in Force Plate measurements can be explained by these alternative
tools. These findings echo prior studies that have validated wearable devices and mobile
applications for CM] assessment, as they provide an accessible means to collect reliable
jump data without the logistical constraints of laboratory settings [15,19,29]. The high R?
values in the regression analyses suggest that both the Enode Sensor and My Jump 3 App
can accurately predict jump heights, supporting their potential application across different
athletic levels and training contexts.

These results underscore the My Jump 3 App’s accuracy as a measurement tool for
vertical jump heights, suggesting it performs comparably to the Force Plate, which is widely
regarded as the gold standard. The high R? value and significance level indicate that My
Jump 3 could serve as a practical and accessible alternative for performance monitoring
in athletic settings, providing reliable data that align closely with laboratory-based Force
Plate measurements. An R? value near 1, observed for both the Enode Sensor and My
Jump 3 App, demonstrated that a substantial proportion of the variance in Force Plate
measurements can be accounted for by these tools, highlighting their strength as predictors
of jump heights. These results suggest that both the Enode Sensor and My Jump 3 App
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offer reliable estimates of jump heights, with minimal accuracy loss relative to Force Plate
measurements, making them suitable for both training and competitive settings.

Despite these promising results, it is crucial to acknowledge limitations. The controlled
conditions under which measurements were taken may limit the generalizability of these
findings. Previous research suggests that environmental variability, such as surface condi-
tions and lighting, can impact measurement accuracy in real-world settings [59,60]. Thus,
future studies should validate these devices in field-based scenarios with a more diverse
sample to enhance the robustness of the results. Additionally, although three jumps were
performed per participant, only the best jump was selected for analysis, which prevented
the further calculation of absolute reliability measures (standard error of measurement—
SEM—and minimal detectable change—MDC). Incorporating multiple testing sessions or
additional trials in future research would enable these indices to be determined, providing
a more comprehensive interpretation of the data. Furthermore, despite the app being
operated by an experienced observer with expertise as a strength and conditioning (5&C)
coach—ensuring adherence to the app’s guidelines and utilizing the highest available
recording frequency—errors may still have occurred because of inaccuracies in marking
the jump/landing moments or frame omissions in the recording frequency. Nevertheless,
the app’s flexibility, cost effectiveness, and practical applications in training environments
make it a valuable tool, with future studies potentially enhancing its accuracy through
automated frame detection or higher-frequency cameras.

Lastly, the Enode Sensor and My Jump 3 App demonstrated excellent reliability and
validity in measuring vertical jump heights when compared to the Force Plate measure-
ments, offering practical, cost-effective solutions for sports performance monitoring. These
tools have the potential to democratize access to performance data, allowing for continuous,
real-time athlete monitoring that can support individualized training adjustments and
load management without requiring expensive laboratory equipment. The implications of
this study suggest that as technology advances, wearable sensors and mobile applications
will continue to play integral roles in sports science, offering versatile tools for assessing
and optimizing athletic performance in dynamic, real-world environments. Future studies
should extend beyond the current controlled laboratory setting by evaluating these tools
across diverse athletic populations and under more dynamic, field-based conditions to
enhance their generalizability and practical relevance.

5. Conclusions

This study confirmed the Enode Sensor and My Jump 3 App as reliable, valid al-
ternatives to traditional Force Plates for assessing vertical jump height when tested on
this study’s participants, with both devices demonstrating high agreement and signifi-
cant Intraclass Correlation Coefficient (ICC) values in comparison to those for Force Plate
measurements. Although minor overestimations were noted for both tools, as shown by
Bland—-Altman analyses, these deviations were within acceptable limits, reinforcing the
suitability of both tools for practical use in diverse training contexts. The portability and
real-time monitoring capabilities of these devices make them particularly advantageous
for training sessions, offering a flexible and accurate option across various athletic settings.
These findings underscore the potential for accessible, portable technologies to facilitate
regular performance monitoring outside laboratory environments, empowering coaches
and athletes to make data-informed adjustments to training intensity and strategy.

Author Contributions: D.P.,, A.M., and A.S. designed the study and provided critical feedback on
the manuscript; D.P. and C.K. collected and processed the data. D.P., C.K,, and A.S. analyzed data.
D.P, AM,, and C.K. revised the first draft; D.P.,, C.K., and A.S. conducted the statistical analysis. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.



Appl. Sci. 2024, 14, 11989 12 of 14

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki and approved by the Mediterranean College Research Ethics Committee, protocol number
RES2024/011.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data are available on request from the authors, and the data presented
in this study are available on request from the corresponding author because of restrictions.

Acknowledgments: The authors would like to extend their sincere gratitude to the participants of
the present study for their invaluable support and collaboration throughout this research.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Claudino, J.G.; Cronin, J.; Mezéncio, B.; McMaster, D.T.; McGuigan, M.; Tricoli, V.; Amadio, A.C.; Serrao, J.C. The countermove-
ment jump to monitor neuromuscular status: A meta-analysis. J. Sci. Med. Sport 2017, 20, 397-402. [CrossRef] [PubMed]

2. Svilar, L. Essentials of Physical Performance in Elite Basketball; Editorial Data Status: Zagreb, Croatia, 2019.

3. Wen, N,; Dalbo, V.J.; Burgos, B.; Pyne, D.B.; Scanlan, A.T. Power testing in basketball: Current practice and future recommenda-
tions. J. Strength Cond. Res. 2018, 32, 2677-2691. [CrossRef]

4. Bourdon, P.C; Cardinale, M.; Murray, A.; Gastin, P.; Kellmann, M.; Varley, M.C.; Gabbett, T.J.; Coutts, A.].; Burgess, D.].; Gregson,
W.; et al. Monitoring athlete training loads: Consensus statement. Int. J. Sports Physiol. Perform. 2017, 12 (Suppl. 2), S2-S161.
[CrossRef] [PubMed]

5. Haugen, T.A; Tonnessen, E.; Seiler, S. Speed and countermovement-jump characteristics of elite female soccer players, 1995-2010.
Int. J. Sports Physiol. Perform. 2012, 7, 340-349. [CrossRef] [PubMed]

6. Pocitinas, R. Investigating the Relationship Between Countermovement Jump with Other Fatigue and Recovery Measures and
Workload in Basketball Players. Ph.D. Thesis, Lietuvos Sporto Universitetas, Kaunas, Lithuania, 2020.

7. Arampatzis, A.; Stafilidis, S.; Morey-Klapsing, G.; Briiggemann, G.P. Interaction of the human body and surfaces of different
stiffness during drop jumps. Med. Sci. Sports Exerc. 2004, 36, 451-459. [CrossRef]

8.  Stafilidis, S.; Tilp, M. Effects of short duration static stretching on jump performance, maximum voluntary contraction, and
various mechanical and morphological parameters of the muscle-tendon unit of the lower extremities. Eur. J. Appl. Physiol. 2015,
115, 607-617. [CrossRef]

9.  Gonzalez-Badillo, ].J.; Sanchez-Medina, L. Movement velocity as a measure of loading intensity in resistance training. Int. J.
Sports Med. 2010, 31, 347-352. [CrossRef] [PubMed]

10. Sanchez-Sixto, A.; Harrison, A.].; Floria, P. Larger countermovement increases the jump height of countermovement jump. Sports
2018, 6, 131. [CrossRef] [PubMed]

11. Badby, A.J.; Mundy, P; Comfort, P.; Lake, J.; McMahon, ].J. Agreement among countermovement jump force-time variables
obtained from a wireless dual force plate system and an industry gold standard system. ISBS Proc. Arch. 2022, 40, 58.

12.  Kibele, A. Possibilities and limitations in the biomechanical analysis of countermovement jumps: A methodological study. . Appl.
Biomech. 1998, 14, 105-117. [CrossRef]

13.  Aragon, L.F. Evaluation of four vertical jump tests: Methodology, reliability, validity, and accuracy. Meas. Phys. Educ. Exerc. Sci.
2000, 4, 215-228. [CrossRef]

14. Brooks, E.R.; Benson, A.C.; Bruce, L.M. Novel technologies found to be valid and reliable for the measurement of vertical jump
height with jump-and-reach testing. J. Strength Cond. Res. 2018, 32, 2838-2845. [CrossRef]

15. Jimenez-Olmedo, ].M.; Pueo, B.; Mossi, ].M.; Villalon-Gasch, L. Concurrent validity of the inertial measurement unit vmaxpro in
vertical jump estimation. Appl. Sci. 2023, 13, 959. [CrossRef]

16. Murawa, M.; Krakowiak, W.; Kabacinski, J. Validity and Reliability of a Smartphone App for Vertical Jump Height Assessment
Using the Marker Displacement Time Method. Appl. Sci. 2024, 14, 4843. [CrossRef]

17. Balsalobre-Fernandez, C.; Glaister, M.; Lockey, R.A. The validity and reliability of an iPhone app for measuring vertical jump
performance. J. Sports Sci. 2015, 33, 1574-1579. [CrossRef]

18. Bishop, C.; Rubio, M.P.H.; Gullon, LL.; Maloney, S.; Balsalobre-Fernandez, C. Jump and change of direction speed asymmetry
using smartphone apps: Between-session consistency and associations with physical performance. J. Strength Cond. Res. 2022, 36,
927-934. [CrossRef]

19. Bogataj, S.; Pajek, M.; Hadzi¢, V.; Andrasi¢, S.; Padulo, J.; Trajkovi¢, N. Validity, reliability, and usefulness of My Jump 2 App for
measuring vertical jump in primary school children. Int. J. Environ. Res. Public Health 2020, 17, 3708. [CrossRef]

20. Chow, G.C.C,; Kong, Y.H.; Pun, W.Y. The concurrent validity and test-retest reliability of possible remote assessments for
measuring countermovement jump: My jump 2, HomeCourt & Takei vertical jump meter. Appl. Sci. 2023, 13, 2142. [CrossRef]

21. Pueo, B.; Hopkins, W.; Penichet-Tomas, A.; Jimenez-Olmedo, J. Accuracy of flight time and countermovement-jump height
estimated from videos at different frame rates with MyJump. Biol. Sport 2023, 40, 595-601. [CrossRef]

22.  Sharp, A.P; Cronin, J.B.; Neville, J. Using smartphones for jump diagnostics: A brief review of the validity and reliability of the

my jump app. Strength Cond. J. 2019, 41, 96-107. [CrossRef]


https://doi.org/10.1016/j.jsams.2016.08.011
https://www.ncbi.nlm.nih.gov/pubmed/27663764
https://doi.org/10.1519/JSC.0000000000002459
https://doi.org/10.1123/IJSPP.2017-0208
https://www.ncbi.nlm.nih.gov/pubmed/28463642
https://doi.org/10.1123/ijspp.7.4.340
https://www.ncbi.nlm.nih.gov/pubmed/22645175
https://doi.org/10.1249/01.MSS.0000117166.87736.0A
https://doi.org/10.1007/s00421-014-3047-y
https://doi.org/10.1055/s-0030-1248333
https://www.ncbi.nlm.nih.gov/pubmed/20180176
https://doi.org/10.3390/sports6040131
https://www.ncbi.nlm.nih.gov/pubmed/30373113
https://doi.org/10.1123/jab.14.1.105
https://doi.org/10.1207/S15327841MPEE0404_2
https://doi.org/10.1519/JSC.0000000000002790
https://doi.org/10.3390/app13020959
https://doi.org/10.3390/app14114843
https://doi.org/10.1080/02640414.2014.996184
https://doi.org/10.1519/JSC.0000000000003567
https://doi.org/10.3390/ijerph17103708
https://doi.org/10.3390/app13042142
https://doi.org/10.5114/biolsport.2023.118023
https://doi.org/10.1519/SSC.0000000000000472

Appl. Sci. 2024, 14, 11989 13 of 14

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.
36.

37.

38.

39.

40.

41.
42.

43.

44.

45.

46.

47.

48.
49.

50.
51.

Pasquale, C.; Baschung Pfister, P.; Kuhn, M.; Stoggl, T.1. Validity and Reliability of the Orthelligent Pro Sensor for Measuring
Single-Leg Vertical Jump Height in Healthy Athletic Adults. Sensors 2024, 24, 3699. [CrossRef]

Rago, V.; Brito, J.; Figueiredo, P.; Carvalho, T.; Fernandes, T.; Fonseca, P.; Rebelo, A. Countermovement jump analysis using
different portable devices: Implications for field testing. Sports 2018, 6, 91. [CrossRef] [PubMed]

Plakoutsis, G.; Zapantis, D.; Panagiotopoulou, E.M.; Paraskevopoulos, E.; Moutzouri, M.; Koumantakis, G.A.; Papandreou, M.
Reliability and validity of the portable KForce Plates for measuring countermovement jump (CMJ). Appl. Sci. 2023, 13, 11200.
[CrossRef]

Dias, A,; Pires, P; Santana, L.; Marques, P.; Espada, M.C.; Santos, F,; Silva, E.].D.; Rebelo, A.; Teixeira, D.S. Concurrent Validity and
Reliability of a Free Smartphone Application for Evaluation of Jump Height. ]. Funct. Morphol. Kinesiol. 2024, 9, 155. [CrossRef]
Bagchi, A.; Raizada, S.; Thapa, R K,; Stefanica, V.; Ceylan, H. i Reliability and Accuracy of Portable Devices for Measuring
Countermovement Jump Height in Physically Active Adults: A Comparison of Force Platforms, Contact Mats, and Video-Based
Software. Life 2024, 14, 1394. [CrossRef]

Tallis, J.; Morris, R.O.; Duncan, M.].; Eyre, E.L.; Guimaraes-Ferreira, L. Agreement between Force Platform and Smartphone
Application-Derived Measures of Vertical Jump Height in Youth Grassroots Soccer Players. Sports 2023, 11, 117. [CrossRef]
[PubMed]

Jimenez-Olmedo, ].M.; Pueo, B.; Mossi, ].M.; Villalon-Gasch, L. Reliability of My Jump 2 derived from crouching and standing
observation heights. Int. J. Environ. Res. Public Health 2022, 19, 9854. [CrossRef]

Kozlenia, D.; Domaradzki, J. Acute Effect of Short Intensive Self-Myofascial Release on Jump Performance in Amateur Athletes:
A Randomized Cross-Over Study. Int. J. Environ. Res. Public Health 2022, 19, 16816. [CrossRef]

Ding, L.; Lyu, M,; Chen, Z.; Wu, ]J.; Wang, Y.; Bishop, C.; Li, Y. Associations Between Inter-Limb Asymmetry in Lower Limb
Strength and Jump Performance in 14-15-Year-Old Basketball Players. Symmetry 2024, 16, 1421. [CrossRef]

Atkinson, G.; Nevill, A M. Statistical methods for assessing measurement error (reliability) in variables relevant to sports medicine.
Sports Med. 1998, 26, 217-238. [CrossRef] [PubMed]

Thomas, J.R.; Martin, P.; Etnier, J.L.; Silverman, S.J. Research Methods in Physical Activity; Human Kinetics: Champaign, IL, USA,
2022.

Gallardo-Fuentes, F.; Gallardo-Fuentes, ].; Ramirez-Campillo, R.; Balsalobre-Fernandez, C.; Martinez, C.; Caniuqueo, A.; Canas,
R.; Banzer, W.; Loturco, I.; Nakamura, F.Y.; et al. Intersession and intrasession reliability and validity of the My Jump app for
measuring different jump actions in trained male and female athletes. J. Strength Cond. Res. 2016, 30, 2049-2056. [CrossRef]
[PubMed]

Stanton, R.; Kean, C.O.; Scanlan, A.T. My Jump for vertical jump assessment. Br. J. Sports Med. 2015, 49, 1157-1158. [CrossRef]
Senttiirk, D.; Yiiksel, O.; Akyildiz, Z. The concurrent validity and reliability of the My Jump Lab smartphone app for the real-time
measurement of vertical jump performance. Proc. Inst. Mech. Eng. Part P . Sports Eng. Technol. 2024. [CrossRef]

McMahon, ].J.; Suchomel, T.J.; Lake, ].P.; Comfort, P. Understanding the key phases of the countermovement jump force-time
curve. Strength Cond. J. 2018, 40, 96-106. [CrossRef]

Creswell, ].W. Qualitative, Quantitative, and Mixed Methods Approaches+ a Crash Course in Statistics; Sage Publications: Thousand
Oaks, CA, USA, 2018.

Faul, F; Erdfelder, E.; Buchner, A.; Lang, A.G. Statistical power analyses using G* Power 3.1: Tests for correlation and regression
analyses. Behav. Res. Methods 2009, 41, 1149-1160. [CrossRef]

Faul, F; Erdfelder, E.; Lang, A.G.; Buchner, A. G* Power 3: A flexible statistical power analysis program for the social, behavioral,
and biomedical sciences. Behav. Res. Methods 2007, 39, 175-191. [CrossRef] [PubMed]

Cohen, ]. Statistical power analysis. Curr. Dir. Psychol. Sci. 1992, 1, 98-101. [CrossRef]

BM Sports Technology GmbH. Enode Pro-Next Level Strength Training—Enode Pro. Enode Pro. 2024. Available online:
https://enode.ai/ (accessed on 20 November 2024).

Balsalobre-Fernandez, C.; Varela-Olalla, D. The Validity and Reliability of the My Jump Lab App for the Measurement of Vertical
Jump Performance Using Artificial Intelligence. Sensors 2024, 24, 7897. [CrossRef]

Bogataj, S.; Pajek, M.; Andrasi¢, S.; Trajkovi¢, N. Concurrent validity and reliability of my jump 2 app for measuring vertical jump
height in recreationally active adults. Appl. Sci. 2020, 10, 3805. [CrossRef]

Cormie, P; McGuigan, M.R.; Newton, R.U. Developing maximal neuromuscular power: Part 2—Training considerations for
improving maximal power production. Sports Med. 2011, 41, 125-146. [CrossRef]

Newton, R.U.; Kraemer, W.]. Developing explosive muscular power: Implications for a mixed methods training strategy. Strength
Cond. J. 1994, 16, 20-31. [CrossRef]

Weir, J.P. Quantifying test-retest reliability using the intraclass correlation coefficient and the SEM. . Strength Cond. Res. 2005, 19,
231-240. [PubMed]

Shrout, P.E; Fleiss, ].L. Intraclass correlations: Uses in assessing rater reliability. Psychol. Bull. 1979, 86, 420. [CrossRef]

Myles, P.S.; Cui, ].I. Using the Bland-Altman method to measure agreement with repeated measures. Br. J. Anaesth. 2007, 99,
309-311. [CrossRef] [PubMed]

Zou, K.H,; Tuncali, K,; Silverman, S.G. Correlation and simple linear regression. Radiology 2003, 227, 617-628. [CrossRef]

The Jamovi Project. Jamovi. (Version 2.4) [Computer Software]. 2023. Available online: https:/ /www.jamovi.org (accessed on 20
November 2024).


https://doi.org/10.3390/s24123699
https://doi.org/10.3390/sports6030091
https://www.ncbi.nlm.nih.gov/pubmed/30200384
https://doi.org/10.3390/app132011200
https://doi.org/10.3390/jfmk9030155
https://doi.org/10.3390/life14111394
https://doi.org/10.3390/sports11060117
https://www.ncbi.nlm.nih.gov/pubmed/37368567
https://doi.org/10.3390/ijerph19169854
https://doi.org/10.3390/ijerph192416816
https://doi.org/10.3390/sym16111421
https://doi.org/10.2165/00007256-199826040-00002
https://www.ncbi.nlm.nih.gov/pubmed/9820922
https://doi.org/10.1519/JSC.0000000000001304
https://www.ncbi.nlm.nih.gov/pubmed/27328276
https://doi.org/10.1136/bjsports-2015-094831
https://doi.org/10.1177/17543371241246439
https://doi.org/10.1519/SSC.0000000000000375
https://doi.org/10.3758/BRM.41.4.1149
https://doi.org/10.3758/BF03193146
https://www.ncbi.nlm.nih.gov/pubmed/17695343
https://doi.org/10.1111/1467-8721.ep10768783
https://enode.ai/
https://doi.org/10.3390/s24247897
https://doi.org/10.3390/app10113805
https://doi.org/10.2165/11538500-000000000-00000
https://doi.org/10.1519/1073-6840(1994)016%3C0020:DEMPIF%3E2.3.CO;2
https://www.ncbi.nlm.nih.gov/pubmed/15705040
https://doi.org/10.1037/0033-2909.86.2.420
https://doi.org/10.1093/bja/aem214
https://www.ncbi.nlm.nih.gov/pubmed/17702826
https://doi.org/10.1148/radiol.2273011499
https://www.jamovi.org

Appl. Sci. 2024, 14, 11989 14 of 14

52.

53.

54.

55.
56.

57.

58.

59.

60.

R Core Team. R: A Language and Environment for Statistical Computing. Version 4.1. [Computer Software]. 2022. Available
online: https://cran.r-project.org (accessed on 20 November 2024).

Revelle, W. psych: Procedures for Psychological, Psychometric, and Personality Research. [R Package]. 2023. Available online:
https:/ /cran.r-project.org/package=psych (accessed on 20 November 2024).

Gallucci, M. GAML;j: General Analyses for Linear Models. [Jamovi Module]. 2019. Available online: https://gamlj.github.io/
(accessed on 20 November 2024).

IBM SPSS Software. Available online: https://www.ibm.com/analytics/spss-statistics-software (accessed on 20 November 2024).
Markovi¢, S.; Dopsaj, M.; Tomazi¢, S.; Kos, A.; Nedeljkovi¢, A.; Umek, A. Can IMU provide an accurate vertical jump height
estimate? Appl. Sci. 2021, 11, 12025. [CrossRef]

Haynes, T.; Bishop, C.; Antrobus, M.; Brazier, ]. The validity and reliability of the My Jump 2 app for measuring the reactive
strength index and drop jump performance. J. Sports Med. Phys. Fit. 2019. [CrossRef]

Pérez-Castilla, A.; Weakley, J.; Garcia-Pinillos, F.; Rojas, EJ.; Garcia-Ramos, A. Influence of countermovement depth on the
countermovement jump-derived reactive strength index modified. Eur. J. Sport Sci. 2021, 21, 1606-1616. [CrossRef] [PubMed]
Driller, M.; Tavares, F.; McMaster, D.; O’'Donnell, S. Assessing a smartphone application to measure counter-movement jumps in
recreational athletes. Int. J. Sports Sci. Coach. 2017, 12, 661-664. [CrossRef]

Beato, M.; De Keijzer, K.L.; Carty, B.; Connor, M. Monitoring fatigue during intermittent exercise with accelerometer-derived
metrics. Front. Physiol. 2019, 10, 780. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://cran.r-project.org
https://cran.r-project.org/package=psych
https://gamlj.github.io/
https://www.ibm.com/analytics/spss-statistics-software
https://doi.org/10.3390/app112412025
https://doi.org/10.23736/S0022-4707.18.08195-1
https://doi.org/10.1080/17461391.2020.1845815
https://www.ncbi.nlm.nih.gov/pubmed/33131460
https://doi.org/10.1177/1747954117727846
https://doi.org/10.3389/fphys.2019.00780

	Introduction 
	Materials and Methods 
	Participants 
	Data Collection and Analysis Procedures 
	Research Tools 
	Enode Sensor 
	My Jump Lab App (My Jump 3) 
	Force Platform 

	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

