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INTRODUCTION: While discrete point analysis (DPA; e.g. peak power) is by far the most common method of analyzing movement data, it has significant limitations because it ignores the vast majority of a signal’s data. In response, functional principal component analysis (fPCA) has been proposed, which allows an investigation of the underlying structure of the continuous signal. However, a limitation to fPCA is that it may mask key phases of differences between subjects, and hence we propose a modified fPCA (modfPCA). We report on the direct comparison between DPA, fPCA and modfPCA in identifying performance determining factors (PDF) from vertical ground reaction force (vGRF) data for counter movement jumps (CMJ). 
METHODS: Two force plates (AMTI, 250Hz) captured 15 vGRF curves during CMJs of 25 participants. Based on jump height, was the best jump identified and ranked across the participants to form a good (n=10) and a poor (n=10) performance group. All vGRF data were normalized to body mass and only the propulsion phase was used for analysis. For DPA the following prior selected vGRF (F) data points were identified and used for statistical analysis: a) Finitial, b) Fmean, c) Fpeak, d) time Finitial to Fpeak, e) percentage Finitial to Fpeak f) time Fpeak to take off, g) rate of force development for intital to peak vGRF (RoFD Finitial to Fpeak) and, h) duration propulsion phase. For fPCA and modfPCA, principal components were computed until they described 100% of the variability of the data and VARIMX rotated for the vGRF curves and differentiated vGRF (RoFD continuous). Principal component scores were computed over the whole function for fPCA and only over a pattern-characterizing phase for the modfPCA. Consequently, fPCA examines the whole principal component, while modfPCA examines only a key phase. An independent t-test (α = 0.05) was performed on the selected data points and the computed scores to examine differences between the two groups. 
RESULTS: Members of the ‘good’ performance group (31.4 ± 1.73cm) jumped significantly higher than the ‘poor’ group (23.2 ± 2.12cm; p < 0.001). In DPA, significant differences between the groups were found for only the RoFD Finitial to Fpeak 
(p = 0.003). Both fPCA and modfPCA found significant differences between the groups for the vGRF and the RoFD continuous (p < 0.005).
DISCUSSION: In contrast to DPA, both fPCA and modfPCA found the area around the second peak vGRF (effect size; key phase: es = 25%; 
kp = 70-90%) to distinguish between groups. The second peak was larger, and continued for longer in the good jumpers. 
DPA identified RoFD Finitial_to_Fpeak as a PDF. However, visual examination of each vGRF curve indicated a large distribution in the timing of the peak vGRF, with many curves having two peaks. We believe implicitly that RoFD should describe the neuromuscular capacity to ‘continue to increase force’ and hence requires a continuous progression in force during the measurement. This criterion was not met with DPA in our study, which was identical to previous studies (Cormie et al. 2009, Dowling & Vamos 1993), and hence the variable 
RoFD Finitial_to_Fpeak is functionally irrelevant. The fPCA and modfPCA are more appropriate than DPA because they: a) compare only related phases and hence comparable neuromuscular capacities, b) screen the whole data set for important variables rather than prior selected discete data points, and c) identify over which period data differ. These characteristics help in identifying important variables, like the second peak vGRF, and consequently help understanding new or little researched fields more effectively than is possible with DPA techniques. 
Further, both fPCA and modfPCA found 
RoFD continuous to be a PDF. The modfPCA identified the rate of force development, on the incline, towards the second peak (es = 16%;
kp = 76-83%), while the fPCA identified the declining phase after the second peak (es = 25%;
kp = 90-96%) as a PDF. However, the latter is more a reflection of the second peak being applied for a longer period of time and hence is not a functional measure of neuromuscular RoFD. This highlights that in fPCA results might be influenced by non-key phases due to the score being computed over the whole function, which subsequently can lead to inappropriate identification or masking of PDFs. 
CONCLUSION: Continuous data analysis was more accurate than DPA in identifying PDFs. In particular, the modfPCA seems to be more robust than fPCA because it statistically analyzes key phases separate from non-key phases.
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