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of a resistance training device for Smith
machine back squat exercise
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SUMMARY

This study evaluated the validity and test-retest reliability of a resistance training device Jueying (Beijing,
China) for Smith machine back squat exercise. Twelve male participants completed two test sessions with
an interval of one week. In each test session, participants completed 30%, 45%, 60%, and 75% of 1RM
back squats on a Smith machine equipped with Jueying and a linear position transducer GymAware (Can-
berra, Australia), which measured the velocity and power during the movement simultaneously. Results
showed that Jueying was both valid (Pearson correlation coefficient [r] = 0.896-0.999, effect size [ES] =
0.004-0.192) when compared with GymAware and consistent between two tests in terms of reliability (in-
traclass correlation coefficient [ICC] = 0.79-0.95) to assess speed and power within all exercises. The de-
vice could be applied to provide athletes and coaches with effective and reliable data in actual application.

INTRODUCTION

Strength and power are very important for sports performance, and the accurate measurement and evaluation of these qualities during sports
training is the fundamental step toward their improvement.’ At present, resistance training is one of the main forms of exercise to develop
strength and power, which causes the muscles to contract against any external resistance imposed on the body by the outside world, such as
dumbbells, barbells, and resistance bands.” This method is simple and effective, but it is difficult to monitor the parameters during exercise in
real time, and it is not convenient to evaluate the exercise state. Determining the optimal range of training loads can maximize muscle
strength per unit time and reduce the risk of overtraining and/or overusing injuries, which is very important for the efficiency and safety of
training.” Although there are different methods to determine the training load, the most common method, traditionally called percent-
age-based training (PBT), specifies the relative load to be used in training from a previously established one repetition maximum (1RM).
As the maximum strength is dynamic, it will fluctuate continuously due to fatigue accumulation or compensation within different periods
of the training cycle, so the method of using 1RM to specify relative load is questioned. To overcome such limitations and complement
PBT, scholars proposed the velocity-based training method (VBT) and verified the feasibility of using the mean velocity (MV) of the movement
to monitor the load by applying a commercial cable velocity measuring device (T-FORCE) to the conventional strength training.” It is proved
that the velocity is closely related to the relative load of specific exercise,” and there is a strong relationship between the velocity loss, the ratio
of maximum repetitions, and metabolic markers of neuromuscular fatigue.® These studies claimed that the change of movement velocity may
be a more objective method to quantify the intensity of resistance training.

VBT is a new training method to design, monitor, and adjust the strength training load by using the strong correlation between movement
velocity and %1RM, repetitions, and fatigue.” Generally, the evaluation of power adopts two indices: mean power and peak power. Average
power refers to the average value of power output from the beginning to the end of the movement, which reflects the average output level of
the whole movement. Peak power refers to the maximum value of power output, which is the best index for evaluating explosive power.? With
the continuous development of technology, measuring devices such as cable velocity measurement, infrared systems, and accelerometers
are widely used in sports practice and research.” Some researchers have evaluated the reliability and validity of most devices such as Tendo
and Push Band and found that these devices are effective and reliable.'®"" These commercial linear positional transducers (LPT) are
composed of cables, spools, and rotation sensors or encoders.'” When in use, cables are connected with athletes or weightlifting rods.
When cables move with moving objects, spools and sensors rotate, and sensors generate electrical signals related to the linear extension
distance of the cables. Data such as time and displacement can be collected in real time through computer analysis and calculation. These
data, together with the athlete’s weight and load, are then used to calculate more variables, such as velocity, acceleration, force, and power.
GymAware is a commercial LPT, which has been used in a series of studies to evaluate velocity'? and power.'* At present, many studies have
proved the reliability and validity of the devices for monitoring the power and velocity of resistance training.'>~"”
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Figure 1. Jueying and GymAware for experiments
Jueying (A, left) and GymAware (B, right) attached to Smith machine.

Jueying (Beijing, China), an intelligent device for resistance training, is a kind of device that takes the motor torque as the source
of resistance and connects with the athlete through the high-strength cable, enabling the athlete to train by overcoming the resis-
tance transmitted by the cable. The device can accurately and quickly adjust the training load through the operating system and can
monitor the velocity, power, and other indices simultaneously in real-time through the data obtained from the built-in encoder in
the servo motor using a software algorithm. Accurate recording of training data can provide a reference for the adjustment of
training arrangements, to realize more efficient training and effectively improve the athlete’s performance. The device can be
used in situations where constant resistance should be provided for a long distance, such as sprint and swimming, and can also
be used in resistance training with weight training equipment such as the Smith machine to monitor the velocity and power. To verify
that the device provides trustworthy measurements of the relevant parameters during the resistance training, the purpose of this
study is to assess the validity and test-retest reliability of Jueying versus a linear positional transducer system (Figure 1) when
measuring velocity and power-related data during Smith machine back squat exercise of different load conditions and to provide
an accuracy guarantee for the subsequent application of the device.

Jueying is an intelligent resistance training device developed by Beijing Sport University, which can provide variable resistance while accu-
rately monitoring power, speed, and other indicators during exercise. The device uses high-density cable to connect the athlete to the device
and computer software to control the torque of the servo motor to adjust the resistance provided to the athlete. At the same time, using high-
precision built-in sensors to monitor the velocity of cable, filtering, and smoothing algorithms to calculate the speed and power of the ath-
letes. Compared with traditional training devices, Jueying can conveniently adjust the training load, monitor movement data at the same
time, improve the efficiency of training, and provide great help for the coaches and athletes.

Training condition evaluation during resistance training is an important part of athletes’ monitoring project, so it is necessary to ensure that
the measurement tools used by athletes and strength and conditioning practitioners are valid and reliable. The purpose of this experiment
was to verify the accuracy of the monitoring of the relevant indicators of resistance training, so as to provide an accurate monitoring means.
This experiment compared the data of GymAware, a verified test device, with that of a new intelligent resistance training device, in order to
show that the monitoring function of Jueying can be applied to actual training. Jueying can provide training and monitoring functions at the
same time. This new device is conducive to improving the efficiency of training. This research is needed to verify the accuracy of the testing
function of this equipment.

RESULTS

The average (mean + SD), mean difference, r, and effect size (ES) of peak velocity (Vpeak), peak power (Pocai), mean velocity (Vinean), and mean
power (Prean) of the two devices under different load conditions are shown in Table 1. For all the measured variables, Pearson’s rranged from
0.896 to 0.999 and showed a very high correlation between the two devices. Meanwhile, the ES ranged from 0.004 to 0.192, equivalent to a
trivial difference.

The linear regression analysis revealed fixed biases for Veak and Prean and proportional biases for all the variables (Table 2). The mean
difference between the two devices was very small, and the R? ranged from 0.975 to 0.995, meaning the data from the Jueying device ex-
plained a very high proportion of the variance of that from GymAware.

Figures 2, 3,4, and 5 displayed the Bland-Altman plots for Vpeak, Poeaks Vinean: aNd Prean of the two devices under different load conditions.
The 95% confidence interval (Cl) represented the magnitudes of random errors in relation to the systematic difference. Within all plots, there
was only one or no value outside the agreement limit when the Smith machine back squat was performed under different loads.

The test-retest reliability parameters of Jueying are shown in Table 3. For Voeak, Poeak Vimean: @nd Prean, ICC ranged 0.79-0.95, 0.84-0.95,
0.82-0.89, and 0.82-0.92, respectively, showing good to excellent consistency.
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Table 1. Validity assessment of individual loads for Jueying

Average (mean + SD)

Variable Load Jueying GymAware Mean difference r ES
Vioeak (M/s) 30% 1RM 0.793 + 0.215 0.791 + 0.209 —0.002 0.999 0.004
45% 1RM 0.772 £ 0.225 0.765 £ 0.215 —0.006 0.998 0.014
60% 1RM 0.802 + 0.164 0.792 + 0.150 —-0.010 0.991 0.033
75% 1RM 0.756 + 0.147 0.744 + 0.136 —-0.012 0.989 0.042
Poeak (W) 30% 1RM 894.9 + 306.2 887.7 £ 291.8 -7.212 0.993 0.012
45% 1RM 993.9 + 351.5 982.8 + 344.1 —11.061 0.996 0.016
60% 1RM 1199.1 £ 344.4 1167.9 £ 323.9 —31.185 0.990 0.047
75% 1RM 1258.9 + 357.9 1225.9 + 3321 —32.948 0.976 0.048
Vinean (M/s) 30% 1RM 0.507 + 0.098 0.516 + 0.102 0.009 0.986 0.045
45% 1RM 0.477 + 0.095 0.496 + 0.105 0.018 0.974 0.090
60% 1RM 0.454 £+ 0.052 0.475 + 0.057 0.021 0.896 0.189
75% 1RM 0.398 + 0.053 0.418 + 0.058 0.019 0.925 0.174
Prean (W) 30% 1RM 521.1 £ 115.9 533.5 £ 124.1 12.383 0.986 0.051
45% 1RM 562.9 £ 125.9 587.5 £+ 140.9 24.588 0.973 0.092
60% 1RM 605.6 + 94.2 637.8 + 107.7 32.132 0.927 0.157
75% 1RM 586.6 £ 76.3 618.9 + 88.5 32.265 0.911 0.192
DISCUSSION

The present study analyzed the validity and the test-retest reliability of a resistance training device in comparison to a linear positional trans-
ducer system for measuring velocity and power metrics during the execution of Smith machine back squats under different loads by young,
physically active adults with strength training experience. Jueying was both valid (Pearson correlation coefficient [r] = 0.896-0.999, effect size
[ES] = 0.004-0.192) when compared with GymAware and consistent between two tests in terms of reliability (intraclass correlation coefficient
[ICC] = 0.79-0.95) to assess speed and power within all exercises. Results show that Jueying can validly and reliably evaluate the velocity and
power during Smith machine back squat training.

Training condition evaluation during resistance training is an important part of athletes’ monitoring project, so it is necessary to ensure that
the measurement tools used by athletes and strength and conditioning practitioners are valid and reliable. The change of movement velocity
may be a more objective method to quantify the intensity of resistance training. Average power reflects the average output level of the whole
movement, and peak power is the best index for evaluating explosive power. Jueying has high validity and good to excellent reliability in
evaluating the velocity and power of the Smith machine back squat. Therefore, athletes and coaches can use Jueying to obtain effective
and reliable data on smith machine back squats. Accurate recording of training data can provide a reference for the adjustment of training
arrangements, so as to realize more efficient training and effectively improve the athlete’s performance.

In this study, the first purpose was to evaluate the validity of Jueying, which was achieved through the comparative analysis of data ob-
tained from Jueying and GymAware. The results showed that there was little difference between the measured variables (Vpeak, Ppeak: Vimean:
and Prean) for the two devices under different load conditions. Data obtained from them have extremely high correlations, and the ES of all
variables was less than 0.2, which showed that the difference between the two sets of data was small. There were fixed biases in the overall
data of all variables except Ppeak and Vinean, and proportional biases in the overall data of all variables, which might be caused by different
sensors of the two devices. Due to the different sizes of the two devices, the accuracy of their sensors will also be different. Therefore, different
sensitivity of the capture system (sampling frequency) may cause certain biases. In order to solve this problem, it is necessary to use other
means such as a dynamometer or high-speed camera to evaluate Jueying. To sum up, data obtained from Jueying and GymAware had
high correlations, small differences, and good consistency, which means that Jueying has high validity.

Table 2. Linear regression of data obtained from Jueying and GymAware across all loads

Variable Mean difference  a 95% Cl for a b 95% Clforb  R? Fixed bias  Proportional bias
Voeak (M/s) 0.008 + 0.005 —0.029 —0.047 to —0.011 1.047 1.024-1.070 0.995 Yes Yes
Poeak (W) 20.6 + 13.4 —32.908 —74.971 t0 9.155 1.05 1.013-1.088 0.986 No Yes
Vinean (M/s) —0.017 £+ 0.005 0.009 —0.013 t0 0.031 0.945 0.900-0.991 0.975 No Yes
Prean (W) -253 +9.4 46.951 25.085-68.817 0.878 0.842-0.914 0.981 Yes Yes
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Figure 2. Bland-Altman plots of V.. of Jueying and GymAware at 30%, 45%, 60%, and 75% 1RM
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In this study, another purpose was to evaluate the test-retest reliability of Jueying, which was realized through the comparative analysis of

two tests. The variables calculated from the Jueying are all derived from the collected position data. The sensors of Jueying have good ac-

curacy, besides. To reduce the error of the data, care should be taken to minimize noise in the original data and ensure suitable smoothing

methods are used. Jueying optimizes the data processing process to reduce errors. Results show that Jueying has good to excellent reliability

in evaluating the velocity and power of the Smith machine back squat. In addition, under low, medium, and high loads, the reliability of squat

velocity and power seemed t

o be the same.

Jueying consistently overestimated mean velocity according to the Bland-Altman plots. The reason could be the difference between the

sampling rate of the two devices. The values of average speed and average power depend on the sampling rate of test equipment. The sam-
pling rate of Jueying is higher than that of Gymaware, so the average speed and average power obtained by Jueying are higher than that of
GymAware. In actual training and testing, the higher sampling rate increases the amount of raw data processed by the data device, and more

accurate test data can be obtained.
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Figure 4. Bland-Altman plots of V,,,c., of Jueying and GymAware at 30%, 45%, 60%, and 75% 1RM

Due to the difference in working principles, there was systematic deviation between data obtained from Jueying and GymAware; however,
there was still a high correlation, consistency, and small difference between the two devices. For multiple tests, the device could also show
good test-retest reliability. In future research, we hope to further evaluate the reliability and validity of Jueying in other types of resistance
training.

Limitations of the study

There are some limitations that need to be considered in the current research. First of all, this study only tested the Smith machine back squat
movement, and we could get effective and reliable data for this movement, but we could not guarantee the same conclusions when testing
other movements, as the test results of different movements were very likely to be different.’® Secondly, in order to eliminate the influence of
irrelevant factors, the tests of this study were completed on the Smith machine. In actual training, free movement is more common; therefore,
the accuracy of this device for free movement needs further verification. Finally, the comparison standard for the validity of this study was only
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Table 3. Test-retest reliability assessment of individual loads for Jueying

First session Second session
Variable Load Average (mean + SD) Standard error  Average (mean + SD) Standard error Mean difference ICC
Voeak (M/s)  30% 1RM  0.87 £ 0.35 0.37 0.92 + 0.29 0.31 —0.06 0.89
45% 1RM  0.82 + 0.20 0.21 0.81 £+ 0.20 0.20 0.01 0.95
60% 1RM  0.81 + 0.18 0.19 0.80 £+ 0.13 0.14 0.01 0.91
75% 1RM  0.76 + 0.18 0.18 0.75 +£ 0.12 0.13 0.01 0.79
Poeak (W) 30% 1RM 986 + 480 502 1080 + 436 454 -94 0.91
45% 1RM 1067 + 328 343 1061 + 335 348 6 0.95
60% 1RM 1231 + 388 400 1201 + 287 288 29 0.91
75% 1RM 1270 + 400 391 1252 + 305 315 17 0.84
Vimean (M/s)  30% 1IRM  0.53 + 0.16 0.17 0.55 £ 0.12 0.12 —0.02 0.83
45% 1RM  0.51 + 0.08 0.08 0.49 + 0.08 0.08 0.02 0.89
60% 1RM  0.46 + 0.07 0.07 0.45 £ 0.05 0.06 0.01 0.82
75% 1RM  0.41 + 0.06 0.06 0.39 £+ 0.05 0.05 0.01 0.88
Prnean (W) 30% 1RM 538 + 169 177 568 + 125 131 29 0.82
45% 1RM 599 + 118 124 579 £ 113 117 20 0.92
60% 1RM 615 + 108 113 599 + 99 103 16 0.89
75% 1RM 598 + 93 391 579 + 81 85 18 0.90

GymAware. Although this device has been proven to have good reliability and validity, it still needs to be further studied by means such as a
dynamometer or high-speed camera.

Conclusions

In conclusion, Jueying provides a function of measuring velocity and power during resistance training. As far as Smith machine back squat
training is concerned, its validity and reliability have been verified. The device can be applied to sports practice, and it can provide effective
and reliable data to provide a reference for the arrangement of training.
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EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

Human participants

Twelve male participants (age: 24 + 2 years) with resistance training experience volunteered to take part in the study. All of the participants are
from Asian descent. All participants were healthy Chinese university students and had the ability to lift at least 100% of their body mass in the
back squat. All participants were free from injury and had at least one year of resistance training experience prior to tests. All participants were
informed of the benefits and risks of participating in the study and provided their written informed consent before being enrolled in the study.
All tests were conducted at approximately the same time of the day (41 hours) and under similar environmental conditions (20 ~ 22°C), to
avoid the possible confounding effect of circadian variation.'” Protocols were submitted to, and approved by the Sports Science Experiment
Ethics Committee of Beijing Sport University in line with the Helsinki Declarations for research with human volunteers.

METHOD DETAILS

Experimental approach to the problem

This study collected and analyzed the velocity and power of two tests, to evaluate the validity and test-retest reliability of Jueying. Formal tests
should be conducted at least 48 hours after completion of the weight test and 1RM test. Participants completed two sessions, each one week
apart. Depending on the training phase and exercise selection, resistance training aimed at improving muscular power is recommended to
be performed using loads ranging from 30 ~ to 90% of 1RM.”° Therefore, when exploring the reliability of velocity and power in resistance
exercises, it was important to use a broad spectrum of loads. In this experiment, tests with different loads were arranged. In this study,
participants completed Smith machine back squats under different load conditions, loads used were 30%, 45%, 60%, and 75% of 1RM.
The study determined the validity of Jueying by comparing data collected by Jueying and GymAware. The test-retest reliability of Jueying
was determined by comparing data measured in two tests.

Procedures
TRM test

Jueying and GymAware's assessments of power were based on the weight of the participant. Therefore, the participant’s weight was
measured before testing. Before the 1RM test protocol, participants first performed a general aerobic warm-up (5 ~ 10 minutes) to avoid
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injuries. Participants then performed a specific warm-up consisting of 10 repetitions of the squat exercise at 40% of their estimated 1RM and 5
repetitions at 60% of their estimated 1RM.

1RM test started after warming up. Participants completed 8 ~ 10 repetitions at 50% 1RM. After 3-minute rest, the process was repeated at
75% 1RM for 3 ~ 5 repetitions. After a further 3-minute rest, participants completed 1 repetition at 95% 1RM. After an extended rest period of
5 minutes, they attempted their first 1RM trial. According to the outcome of the attempt, the subsequent trial was completed with either an
increased or decreased load. All 1RM values were determined in 5 attempts.

Data acquisition

The cables from Jueying and GymAware were simultaneously attached to one side of the Smith machine barbell, perpendicular to the
ground. Both systems were calibrated before each testing session. Participants warmed up before the test to avoid injuries. After warming
up, participants proceeded with the smith machine back squat test with the incremental load. All participants were asked to perform a single
repetition with 4 different loads. Loads used were 30%, 45%, 60% and 75% of 1RM. Each trial was separated by a 2-minute passive rest. At the
beginning of the test, participants raised the barbell to an upright standing position with the feet shoulder-width apart. When instructed by
the tester, participants completed one repetition in the regular squat position and returned to the upright standing position, and then de-
scended downward and returned to the upright standing position with maximal voluntary speed. To minimize any potential impact of fatigue
on the performance, the test load increased gradually. Data from each squat was recorded and stored on a computer and tablet.

QUANTIFICATION AND STATISTICAL ANALYSIS

Statistical analysis

The variables used for assessments of both validity and reliability were peak and mean velocity (Vpeak; Vimean) and power (Poeak; Pmean). Pearson
correlation coefficient (r) was calculated to evaluate the correlation between two sets of data collected by Jueying and GymAware, and the
standardized mean difference (ES) was used to evaluate the magnitude of difference between the devices (trivial 0.2, small 0.6, medium 1.2,
and large 2.0).”" The presence of any fixed and proportional bias between the two devices was determined using linear regression analysis.
Fixed bias was identified when the 95% Cl of the intercept (a) did not overlap with O, and proportional bias was identified when the slope (b)
did not contain 1. Bland-Altman plots were also used to evaluate the consistency of data collected by the two devices.

Test-retest reliability denotes the consistency of test results across repeated measurements and shows how much test results are affected
by measurement error.”” To evaluate the test-retest reliability, mean differences between the testing sessions were calculated. Moreover, the
intra-class correlation coefficient (ICC) from the two-way random model for a single measure was calculated to assess the absolute agreement
between the two trials. ICC was interpreted as poor (< 0.50), moderate (0.50-0.75), good (0.75-0.90), and excellent (>0.90).2% Al analyses were
performed using IBM SPSS for Windows version (IBM. Corp. Armonk, NY) and the significance level was set to 0.05.

Bland-Altman plots were used to analyze the consistency between the monitoring data from GymAware and Jueying. In these plots, the
horizontal axis represented the mean value of each monitoring data from GymAware and Jueying, and the vertical axis represented the dif-
ference between monitoring data from two devices (x-axis: difference between measures; y-axis: average of measures). The two dashed lines
represented the 95% confidence interval of the difference, which was the limit of consistency, and the solid line was the mean value of the
difference. The fewer points outside the consistency interval, the better the consistency between the two types of data.
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