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Abstract: Jump testing to monitor athletic performance and development has become commonplace in the field of strength 

and conditioning. Verbal cues of jump tests, such as the drop jump, has significant effects on performance metrics and 

movement strategy. The purpose of this study was to use a force platform analysis to investigate landing depth and global 

flexion in the lower extremity joints at initial impact between cues to maximize jump height or minimize ground contact time. 

Another purpose of this study was to repeat previous investigations on the influence of cueing DVJs to maximize height or 

minimize ground contact time on the Reactive Strength Index (RSI). Thirty-nine Division I soccer players performed one DVJ 

(DVJHeight) for maximum height and another DVJ (DVJQuick) for quickness. Differences in dependent variables were analyzed 

by Bayesian paired samples t-tests. RSI was greatest in the DVJQuick condition (Meandiff = 0.36 ± 104 (95% HDI: .232, .492). 

Ground contact time was shorter with the DVJQuick (Meandiff = -0.19 ± 0.028, 95% HDI: -0.224, -0.155). Jump height was less 

with the DVJQuick (Meandiff = -0.033 ± 0.007, 95% HDI: -0.068,.0035). Landing depth decreased during the DVJQuick (Meandiff 

= -0.093 ± 0.018, 95% HDI: -0.118, -0.066). Global flexion in the lower extremities at impact decreased with a DVJQuick 

(Meandiff = -0.057 ± 0.025, 95% HDI: -0.084, -0.031). DVJQuick resulted in a large increase in RSI due to disproportionate 

decreases in ground contact time (large decrease) compared to jump height (small decrease). The increase in RSI with 

DVJQuick coincided with a decrease in landing depth, suggesting a stiff landing strategy and increased stretch-shortening cycle 

intensity. 
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1. Introduction 

Jump testing to monitor athletic performance and 

development has become commonplace in the field of strength 

and conditioning. Monitoring jump performance can be used 

to assess training program efficacy [18, 5], return-to-play 

decisions following injury [11], fatigue [19], athlete workload 

monitoring [26], and predict athletic success [7, 9]. A common 

jump test is the drop vertical jump (DVJ), where an athlete 

steps off a box and attempts to jump as high as possible after 

landing. The DVJ is particularly suited for testing 

stretch-shortening cycle performance of the lower extremity 

[18]. 

One common metric to assess DVJ performance is the 

Reactive Strength Index (RSI). RSI is calculated as jump 

height divided by ground contact time during a DVJ, making it 

a time-sensitive measure of performance. RSI has been shown 

to be both reliable (ICC = 0.90, CV = 5%) [3] and associated 

with maximum strength (r = 0.302-0.431) [2], sprinting ability 

(RSI = 3.02 in sprint-trained athletes compared to RSI = 2.02 
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in non-sprint-trained recreational athletes) [9], eccentric force 

production (Eccentric Rate of Force Development, r = 0.755) 

[1], and running economy (r = -0.419- -0.572) [21]. To date, a 

few studies have investigated how landing technique 

influences RSI. One recent study of youth soccer athletes 

reported increased RSI when the DVJ is cued to minimize 

ground contact time, and decreased RSI when cued for 

maximal height [23]. Verbal cues have also been reported to 

influence stiffness in drop jumps [17], and 

force-velocity-power profiles during countermovement jumps 

[24]. In a general population sample, DVJ RSI was similar 

using self-selected (0.96 ± 0.4; Knee flexion: 89.5 ± 14.6°) 

and stiff (RSI: 0.93 ± 0.5; Knee flexion: 60.4 ± 13.1°) landing 

techniques, which were greater than a soft (RSI: 0.64 ± 0.3; 

Knee flexion: 116.1 ± 11.1°) landing technique [12]. Landing 

depth appears to be the primary difference between these 

techniques according to the range of knee flexion angles 

across self-selected, stiff, and soft landing techniques [12]. 

Given the changes in RSI between stiff and soft landing 

techniques, these reports indicate disproportionate changes in 

jump height and ground contact time when landing depth 

varies. We suspect elite athletes may be able to generate a 

greater range of RSI values across landing depths than the 

general population. 

There may be a landing depth that maximizes RSI for a 

given athlete despite no real changes in their jumping ability 

(i.e. they improve their technique rather than improving force 

production with consistent technique). If landing depth is free 

to vary or not accounted for, it is impossible to determine 

whether reductions in ground contact time or increases in 

jump height occurred due to manipulations of landing depth 

and stiffness or improvements in force production. Therefore, 

the consideration of landing depth is critical to observe real 

and meaningful changes in DVJ performance if practitioners 

are using RSI to test athletic development over time. In 

appreciation for the variable demands of sporting competition, 

it may be necessary for practitioners to test multiple DVJ 

techniques since various landing depths and stiffness qualities 

influence lower extremity joint kinetics and energetics [8]. 

Cueing DVJs to either maximize jump height, minimize 

ground contact time, or both may be a practical method to 

investigate differences in landing strategies and its influence 

on RSI and landing mechanics. For example, increasing 

landing depths could increase work capacity of the lower 

extremity joints to increase jump height and ground contact 

time, whereas decreasing landing depth could decrease work 

capacity of the lower extremity to decrease ground contact 

time and jump height. If ground contact time decreases 

proportionately with decreases in jump height, RSI would 

remain unchanged. It is not clear how verbal cues to maximize 

jump height or minimize ground contact time would influence 

landing strategies and technique. For example, the amount of 

lower extremity joint flexion at impact is free to vary in 

addition to the landing depth during deceleration. Previous 

research has reported lower-body flexion at the hip, knee, and 

ankle occurs prior to initial impact, which may differ when 

landing from a jump [13] than from a box [16, 25]. Therefore, 

the purpose of this study was to use a force platform analysis 

to investigate landing depth and global flexion in the lower 

extremity joints at initial impact between cues to maximize 

jump height or minimize ground contact time. We 

hypothesized the landing depth and amount of global flexion 

at impact would be greater in the DVJ cued for maximal 

height. Another purpose of this study was to repeat previous 

investigations on the influence of cueing DVJs to maximize 

height or minimize ground contact time on RSI. We 

hypothesized that an increase in RSI would occur with a cue to 

minimize ground contact time compared to a cue to maximize 

jump height due to a disproportionate decrease in ground 

contact time than jump height. 

2. Methods 

2.1. Experimental Approach 

This study took place prior to an offseason training 

session and data collection occurred in a collegiate weight 

room setting. Due to time constraints, it was only possible for 

participants to complete a single maximum effort DVJ trial 

with two different verbal cues. One DVJ style was from a 

0.305m box. Each trial was cued to be performed “to jump as 

high as you can after landing” or “to get off the ground as 

quick as you can”. Dependent variables analyzed from raw 

ground reaction force data (RSI, jump height, jump time, 

landing depth, global flexion at impact) were compared 

between cues. 

2.2. Subjects 

Thirty-nine Division I soccer players (19 women, 20 

men, 69.3 ± 9.9 kg, 1.74 ± 0.1 m, 19.7 ± 1.5 years) participated 

in the study. All participants were active players on the 

university soccer team and were currently free of injury that 

limited participation in normal weight room activities. 

Subjects were informed of the benefits and risks of the 

investigation prior to signing informed consent approved by 

the XXXX university Institutional Review Board (No. 

XXXXX) as part of a larger collaboration with the athletic 

department. 

2.3. Procedures 

All trials were performed on a dual force-platform setup 

(Bertec Corporation, Columbus, OH) interfaced with data 

acquisition software (1000 Hz; ForceDecks, Vald 

Performance) that allowed raw data to be exported for further 

analysis. Subjects performed testing prior to their regularly 

scheduled offseason training session. Due to time constraints, 

subjects performed only 1 maximal effort DVJ with each 

verbal cue following their normal warmup prior to training. 

Although 1 trial could be considered a limitation, subjects 

were given multiple attempts at a “good” trial and regularly 

performed the DVJ in their training programs. Subject body 

weight was recorded at the beginning of each trial where 

subjects stood still on the force platforms for 1-2 seconds. 

Next, the subject stepped onto the box (30.5 cm box height, 
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placed 15.25 cm from the force plates), stepped off, and 

performed the DVJ. One DVJ for maximal height (DVJHeight) 

was cued “to jump as high as you can after landing”, the other 

DVJ for quickness (DVJQuick) was cued “to get off the ground 

as quick as you can”. Since stepping off a box can lead to some 

variability in actual drop height we calculated drop height 

from integration of vertical ground reaction force (vGRF) data 

to be 0.242 ± 0.046 m in the DVJHeight and 0.247 ± 0.036 m in 

the DVJQuick, which resulted in a small effect size of 0.128. A 

rest period of 15-30 seconds was allowed between individual 

trials. Trials were repeated if the subject lost their balance, did 

not land completely on the force platforms, or perceived a lack 

of maximum effort. 

2.4. Data Analysis 

Raw vGRF data from all trials were exported to a 

spreadsheet (Microsoft Excel) and analyzed with a custom 

program (Matlab v2019a, Mathworks, Natick, MA). Based on 

recent reports looking at signal filtering during jumping [14], 

we chose to retain the raw data and not filter the signal. 

Participant bodyweight was measured on a per trial basis 

from the average vGRF during the standstill on the force plate 

prior to stepping on to the box. The duration of the average 

was manually selected based on visual inspection of the trial, 

resulting in 1 second of quiet standing vGRF. vGRF data were 

used to calculate acceleration (acceleration = (vGRF – 

Bodyweight (N))/mass (kg)). Acceleration was then integrated 

with respect to time using the cumulative trapezoidal method 

to calculate velocity. Initial impact after leaving the box was 

labeled as the first frame when vGRF surpassed 20 N, takeoff 

was labeled as the first frame when vGRF was less than 20 N, 

and final landing was labeled as the first frame after takeoff 

that vGRF surpassed 20 N. Time in the air was used to 

calculate jump height [jump height = ½ (9.81)(time in the 

air)
2
]. Figure 1 provides a visual representation of the 

calculations. RSI was calculated as jump height divided by 

ground contact time from impact to takeoff. 

Time in the air was used to correct the integrated velocity 

values by setting vertical velocity equal to zero at the midpoint 

of flight phase. Velocity was then integrated with respect to 

time using the cumulative trapezoidal method to calculate 

displacement of the center of mass (COM). The initial position 

of the COM was set to 0 at impact. The global flexion in the 

lower extremity at impact was calculated as the COM 

displacement from impact to takeoff. Takeoff is assumed to 

occur with the participants in a fully extended position (i.e. 

‘triple extension’), thus global flexion at impact would be zero 

if impact position was the same as takeoff position (Figure 1) 

– across the entire study data we observed the minimum global 

flexion at impact to be 0.015 m for a single trial. Landing 

depth was calculated as the lowest COM position during 

ground contact in relation to the COM position at impact. 

Landing depth, therefore, is the vertical displacement required 

to decelerate the COM to zero velocity. 

 

Figure 1. Visual representation of dependent variable calculations. 

2.5. Statistical Analysis 

Differences in dependent variables across the cueing 

conditions were analyzed by Bayesian paired samples t-tests 

using the BEST package in R [15, 20]. Normality of data was 

verified using the D’Agostino-Pearson test and a 

non-informative, uniform prior was used for all analyses. 

Reported parameter estimates from Bayesian models include 

the posterior mean difference, 95% highest density intervals 

(HDI), and effect sizes. Parameter estimates were interpreted 

as statistically significant if the 95% HDI did not include zero. 
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All statistical analyses were performed using R version 3.6.1 

[27]. 

3. Results 

RSI was greatest in the DVJQuick condition with an 

estimated posterior Meandiff = 0.36 ± 104 (95% 

HDI:.232,.492). The 95% HDI of the difference of the means 

does not include zero; therefore, there is a strong probability 

that the estimated parameter is greater than zero with an effect 

size estimate of 1.25 (95% HDI: 0.773, 1.8). In confirmation 

of our hypothesis, the increase in RSI occurred due to a 

disproportionate decrease in ground contact time compared to 

jump height. Ground contact time was 0.190 seconds shorter 

with the DVJQuick than DVJHeight (Meandiff = -0.19 ± 0.028, 95% 

HDI: -0.224, -0.155) with an effect size estimate of -2.62 (95% 

HDI: -3.38, -1.88). Meanwhile, jump height during the 

DVJQuick was only 0.033m less than the DVJHeight (Meandiff = 

-0.033 ± 0.007, 95% HDI: -0.068, .0035). The 95% HDI of the 

difference of the means includes zero but has 96.4% of the 

credible values less than zero. Thus, there is a strong 

probability (96.4%) that the estimated parameter is less than 

zero (i.e. indicative of a decrease in jump height) with an 

effect size estimate of -0.41 (95% HDI: -0.882, 0.042). With 

regard to landing technique and strategy to accomplish these 

differences in performance, we hypothesized global flexion at 

impact and landing depth to decrease with the DVJQuick. This 

hypothesis was confirmed by a 0.093 m decrease in landing 

depth during the DVJQuick compared to the DVJHeight (Meandiff 

= -0.093 ± 0.018, 95% HDI: -0.118, -0.066) with an effect size 

estimate of -1.69 (95% HDI: -2.27, -1.13). Global flexion at 

impact, which was measured as the vertical displacement 

between takeoff and initial landing, was 0.057 m less with a 

DVJQuick compared to the DVJHeight (Meandiff = -0.057 ± 0.025, 

95% HDI: -0.084, -0.031) with an effect size estimate of -1.01 

(95% HDI: -1.53, -0.514). This indicates the lower extremity 

joints were more extended (i.e., stiffer landing) at impact with 

a DVJQuick. 

 

Figure 2. Bar charts of all dependent variables. For all measured variables, the 95% highest density intervals did not cross zero which is equivalent to p<0.05 in 

a frequentist context. 

4. Discussion & Conclusion 

4.1. Discussion 

The purpose of this study was to investigate the influence of 

cueing DVJs to maximize height or minimize ground contact 

time on landing mechanics and RSI. In confirmation of our 

hypothesis, RSI increased with large effect when performing a 

DVJQuick. Landing depth concurrently decreased with large 

effect, indicating a common solution was to increase landing 

stiffness for the DVJQuick technique. When cued to jump as 

high as possible without regard for time on the ground, 

subjects successfully increased jump height concurrent with 

increased landing depth. The secondary purpose was to 

investigate global flexion in the lower extremity joints at 

initial impact. In confirmation of our second hypothesis, the 

DVJHeight cue resulted in more global flexion at impact. The 

DVJQuick cue still resulted in global flexion at impact but was 

not as substantial. These results suggest the DVJQuick cue leads 

to a stiffer landing due to earlier contact with the ground, and 

decreased vertical displacement of the center of mass during 

deceleration when compared to the DVJHeight cue. These two 

measurements, global flexion at impact and vertical 

displacement during deceleration, compound on each other 

and result in decreased range of motion at the final eccentric 

position before concentric motion begins. 

4.2. Implications 

The implications of our results will vary depending on the 

situation, objective, and environment of testing. The type of 
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verbal cue can have significant influences on performance 

[28]. For example, external cues (focus on the movement 

effect) often lead to improved motor skill performance and 

learning [28] compared to internal cues (focus on the body), 

but internal cues may lead to more muscle activation than 

external cues [28], suggesting a constrained and inefficient 

movement. The verbal cues in this study to “to jump as high as 

you can after landing” or “to get off the ground as quick as you 

can” were intended to be relatively neutral cues on the internal 

to external cue spectrum to be sure subjects understood the 

difference in objectives [4]. Given the large effects our cues 

had on jump performance and landing mechanics, coaches 

cueing plyometric exercises should pay careful attention to 

align their cues with the goal of training or testing. RSI and 

stiffness were reported to increase in youth athletes after just 4 

weeks of plyometric training with cues to maximize jump 

height and minimize ground contact time [22]. A cue to 

minimize time on the ground is recommended if a practitioner 

wants to maximize RSI. Greater RSI was accomplished with 

less time (faster) and more stiffness (decreased landing depth), 

which could indicate a greater stretch-shortening cycle 

stimulus and tendon stretch [10]. Thus, a training program 

focused on maximizing the intensity of the stretch shortening 

cycle should focus on minimal ground contact time in both 

training and testing. In contrast, a cue to maximize jump 

height is recommended if a practitioner wants to decrease the 

intensity of the stretch-shortening cycle while performing 

plyometrics. This could be particularly useful as a late stage 

rehabilitation exercise prior to performing the DVJ for 

minimal ground contact time. In effect, these cues could be 

used to progress or regress plyometric intensities during 

rehabilitation, training, and testing. Regarding future research 

into the influence of verbal cues on plyometric performance, a 

comparison of external and internal cues could be useful for 

practitioners, in addition to a comparison of cues when 

external load is applied to movement. 

It is especially important for practitioners to appreciate 

differences in cues if the DVJ is used as a testing or 

monitoring tool to direct training program decisions. For 

example, some training paradigms may use RSI to signal a 

regression or progression in performance and trigger 

modifications to exercise selection or training volume and 

intensity. However, a large decrease or increase in RSI could 

occur due to an athlete performing the test incorrectly, with 

inconsistent technique, or with submaximal effort. This makes 

RSI vulnerable to volatility. In these cases, unintended and 

inefficient periodization decisions could be made based on 

jump technique rather than jump performance. If coaches are 

using RSI to dictate or support periodization decisions, it is 

critical that athletes are performing the depth jump with 

consistent cues, techniques, and objectives. 

One primary limitation of the current study is using ground 

reaction forces to estimate body positions at takeoff and 

landing. We have estimated global flexion in the hip, knee, and 

ankle joints at impact using the difference in COM 

displacement between impact and takeoff. It needs to be 

acknowledged that full extension of the hips, knees, and 

ankles may not occur at takeoff, and should be considered 

when interpreting the current dataset. However, we had no 

occurrences where the COM was higher at initial impact 

compared to takeoff, which indicates there is flexion of the 

lower extremity joints prior to initial impact. Regarding vGRF 

integration, this study anchored the velocity-time curve to 0 

m/s at mid-flight. However, we know the final landing 

positions could present increased lower extremity joint flexion 

relative to the DVJ takeoff position, which artificially 

increases flight time and consequently jump height. To avoid 

this methodological challenge, we could anchor the 

velocity-time curve to 0 m/s at the final standstill, which has 

been demonstrated with good efficacy [13]. Unfortunately, we 

were unable to apply this method to our current dataset 

because not all trials had clear standstill motion following the 

final landing of the depth jump. Another consideration is the 

variations in jumping ability across subjects. 

Despite subjects being on the same sporting team (men and 

women’s soccer) with similar training programs, some 

subjects were in their first year of the program and may have 

not be as technically developed or comfortable with their DVJ 

techniques. Since data were only compared within each 

subject and trials were collected during the same session the 

statistical analysis should account for some of this variability. 

Further, generalizing our results to non-soccer athletes may 

result in different outcomes. Sports that incorporate more or 

less frequent jump training may find smaller or larger effects 

from verbal cues and objectives during the DVJ. However, the 

strong effect sizes observed in the current study would 

indicate some change is likely to occur in DVJ performance 

between cues for maximum height compared to quickness. 

Future studies could focus on athletes across different sports 

or skill levels. 

4.3. Conclusion 

RSI is a practical and effective measurement of jump 

performance during plyometric tasks, but the current study 

demonstrated how verbal cues and landing techniques have a 

strong influence on RSI during depth jumps. Cueing athletes 

to perform the DVJ to get off the ground as quickly as possible 

resulted in a large increase in RSI due to a disproportionate 

decrease in ground contact time (large decrease) compared to 

jump height (small decrease). The increase in RSI coincided 

with a decrease in landing depth, suggesting a stiff landing 

strategy and an increased stretch-shortening cycle intensity. 

To maximize RSI values, athletes should be cued to focus on 

minimizing ground contact time. Coaches should prioritize 

consistent verbal cues, techniques, and objectives during DVJ 

tests if RSI is used to support or dictate athlete readiness and 

periodization decisions. 
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