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The purpose of this study was to compare vertical jump displacements between a 
VertecTM and a forceplate. Thirty-two Army Reserve Officers’ Training Corps (ROTC) 
cadets completed three countermovement vertical jumps on a forceplate while 
simultaneously touching the highest vane they could reach on a VertecTM placed 
immediately next to the forceplate. The means between the methods were found to be 
significantly correlated (r=.91, p<.001). However, significant differences were found 
between the means (t=13.6, p<.001). With-in method analysis results showed no 
significant differences between the three jumps as estimated by the forceplate (F<.001, 
p=.985), however, significant differences were found between displacements as 
measured by the VertecTM (F=17.0, p<.001). 
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INTRODUCTION: The vertical jump is commonly used as a method to evaluate athletes’ 
power in the lower body. Using a VertecTM has been a long standing method of evaluating 
vertical jumping ability. A VertecTM is an apparatus that has an adjustable vertical pole with 
horizontal movable vanes on the top at every 1.3 cm. The participant jumps and moves the 
highest vane they can reach during the jump. Use of a forceplate to measure vertical jump is 
a more recent and less common method to assess vertical jumping ability, primarily due to 
the cost and lack of availability to many practitioners. It is important for coaches to measure 
vertical jumps accurately because they may use the results to assess an athlete’s lower-body 
power. It is also important for researchers to have accurate methods for drawing conclusions 
between research studies examining vertical jump height. Recent studies have shown a 
difference in vertical jump displacement across different methods, making comparisons 
dubious (Ferreira et al., 2010; Leard et al., 2007; Slinde et al., 2008). The purpose of this 
study was to compare vertical jump displacements between a VertecTM and a forceplate. 
 
METHOD: Thirty-two Army Reserve Officers’ Training Corps (ROTC) cadets (24 males, 8 
females) from North Dakota State University volunteered for this study (age 21.2+2.9 years, 
height 174.7+9.6 cm, body mass 77.4+14.6 kg). Each participant completed three vertical 
jumps while standing on a forceplate (Advanced Mechanical Technology Incorporated, 
Accupower) set at a six channel sample rate of 1200 data sets per second. A VertecTM was 
placed immediately next to the forceplate on the side of the participant’s dominant reaching 
hand. A standing reach height was used with the participant standing flat footed and reaching 
as high as they could with their dominate hand. The standing reach height was considered 
zero. The participants used the countermovement vertical jump technique using their arms to 
aid in each jump. With each jump, participants were instructed to jump as high as they could 
and move the highest vane they could reach on the VertecTM. No familiarization or practice 
jumps were completed. The vertical jump displacement was the difference between the 
highest vane touched on the VertecTM and the zero standing reach height. Both the VertecTM 

displacements and the estimated vertical jump displacements from the forceplate were 
recorded. 
Mean displacements from the VertecTM and the forceplate were calculated and used for 
statistical analyses. A Pearson correlation was computed to examine the linear relationship 
between the two methods. A paired-samples t-test was used to test for significant differences 
in vertical jump displacement between the VertecTM and forceplate. To examine consistency, 

recorded by the baropodometric systems should be interpreted very carefully and, if possible, 
to associate these systems with FP, creating correcting factors which could increase the 
consistency of these data. Considering the PP and IPS, the analysis of the distribution of 
the pressure (only relative values) seems more appropriate and the comparison of data 
collected by different instruments should be avoieded. However, we suggest replicating this 
study with a larger sample size and number of steps to increase the consistency of the 
results. 
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Front crawl is an alternating swimming stroke technique in which different phases of arm 
movement induce changes in acceleration of limbs and body. This study proposes a new 
approach to use inertial body worn sensors to estimate main temporal phases of front 
crawl. Distinctive features in kinematic signals are used to detect the temporal phases. 
These temporal phases are key information sources of qualitative and quantitative 
evaluation of swimming coordination, which have been assessed previously by video 
analysis. The present method has been evaluated upon a wide range of coordination and 
showed a difference of 4.9% with video based system. The results are in line with video 
analysis inter-operator variability yet offering an easy-to-use system for trainers. 
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INTRODUCTION: A reliable data capture technique based on scientifically sound principles 
is a key to carry on all human motion studies. Human motion analysis in the water comprises 
complications as the water element avoids using many classical techniques of motion 
capture. Traditionally, assessment of swimming technique has been performed based on 
frame-by-frame video analysis (Callaway et al., 2009). The video footage allows evaluation of 
both qualitative and quantitative features of swimming such as the ratio of arm strokes, 
stroke length, angles of arm joints etc. However, the method is burdensome to be fully 
automated and entails demanding data post-processing. The functionality of the system can 
be affected by various factors such as restricted field of view, water-air interface turbulence, 
refraction of light in the water and image blurring (Schechner & Karpel, 2004). In 3D analysis 
the field of view of video based system provides only 2 or 3 cycles that can hardly be 
representative of a lap containing more than 15 cycles and makes video based inter-cycle 
variability assessment misleading. 
Consequently, there is a need for an easy-to-use system with short set up time that can be 
used openly by coaches in swimming pool. A new emerging alternative to video based 
swimming analysis equipment is inertial sensor, which can be placed on different sites on 
swimmers body. Pansiot et al. (2010) and Bächlin et al. (2009) used 3D accelerometer data 
in order to provide information such as stroke counts, turn and wall push-off detection and 
some spatial parameters. According to the current knowledge of the authors, Ohgi (2002) 
have performed the only study on front-crawl arm cycle phase-detection based on inertial 
signals. He used wrist-worn sensor containing 3D accelerometer and 3D gyroscope. Since 
he did not consider the orientation information during phase detection, he was not able to 
determine the beginning of recovery phase. 
The interaction between intrinsic dynamics of body and water mechanical properties results 
in coordination between arms and legs as well as inter-arm coordination. A widespread 
metric to quantify arm stroke coordination is index of coordination (IdC), which was 
introduced by Chollet et al. (2000). The index is based upon lag time between the propulsive 
phases of each arm and to date is assessed by human operators using video based 
systems. We hypothesized that there are temporal features in kinematic signals of swimming 
from which we can calculate IdC. The objective of this study was to present an automated 
inertial system in order to detect main stroke temporal features for IdC calculation. The data 
from 3D accelerometer along with 3D gyroscope was used in data fusion filters to 
discriminate arm propulsive and non-propulsive phases to describe arm coordination.  

a with-in methods repeated ANOVA was computed for each method comparing the mean 
vertical jump displacements across jumps one, two, and three. If the ANOVA results were 
significant, Bonferroni-adjusted pairwise comparisons were used to determine the location of 
significant differences between jump trials. Statistical signifiance was set at =0.05. 
 
RESULTS: The mean displacements for the three jumps were found to be 37.6+7.98 cm for 
the forceplate and 47.6+9.74 cm for the Vertec.TM Displacements between both methods 
were found to be significantly correlated (r=.91, p<.001); however, significant differences 
were also found between the means (t=13.6, p<.001). Repeated measures ANOVA revealed 
no significant differences between the three estimated displacements from the forceplate 
(F<.001, p=.985). However, there were significant differences between the three VertecTM 
displacements (F=17.0, p<.001). The mean displacements were found to increase each 
jump. Follow-up pairwise comparisons revealed significant differences between jumps one 
and two (p<.001) and jumps one and three (p<.001). 
 
DISCUSSION: The results of this study indicate that although the two methods were highly 
correlated, the significant differences may be more noteworthy. VertecTM displacements were 
10 cm higher on average than the displacements from the forceplate. This difference in 
means was slightly lower than discovered by Ferreira et al. (2010), who found a mean 
difference of approximately 13 cm. However, the mean differences in displacements found in 
this study were greater than those reported by Leard et al. (2007) between the VertecTM and 
a Just Jump mat (approximately 5 cm) and between the VertecTM and a 3-camera motion 
analysis system (approximately 4 cm). It is likely that the differences in means between this 
study and the others that used the same countermovement jumping technique were due to 
using a flat foot position to measure the initial VertecTM reach height. Forceplates estimate 
vertical jump displacements starting when the toes leave the forceplate, therefore, using the 
flat foot method may falsely increase VertecTM displacement scores by a significant amount. 
The consistency across the three forceplate scores, however, confirms the reliability of this 
method. The significant difference between the three displacements with the VertecTM 
suggests there may also be a learning effect when using this method. The learning effect 
was probably due to the participants becoming more comfortable with the coordination of 
jumping while simultaneously reaching for the VertecTM vanes. 
 
CONCLUSION: The results of this study displayed significant differences between the two 
methods of measuring vertical jump displacements. While this study did show an 
overestimation of maximal vertical jump height when using the VertecTM method, it may have 
been due to using the flat-foot method for the standing reach height. Therefore, consistency 
needs to be established across studies with respect to initial reach measurement, and 
caution should be used when comparing study results if the initial reach method is not 
known.  
 
REFERENCES: 
Ferreira, L., Schilling, B., Weiss, L., Fry, A., & Chiu, L (2010). Reach height and jump displacement: 
Implications for standardization of reach determination. Journal of Strength and Conditioning 
Research, 24(6), 1596-1601. 
Leard, J., Cirillo, M., Katsnelson, E., Kimiatek, D., Miller, T., Trebincevic, K., et al. (2007). Validity of 
two alternative systems for measuring vertical jump height. Journal of Strength and Conditioning 
Research, 21(4), 1296-1299. 
Slinde, F., Suber, C., Suber, L., Edwen, C., & Svantesson, U. (2008). Power training: Test-retest 
reliability of three different countermovement jumping test. Journal of Strength and Conditioning 
Research, 22(2), 640-644. 

Acknowledgement 
The researchers thank the North Dakota State University Army ROTC cadets for participating in this 
study. 




