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ABSTRACT

Sprint acceleration is a fundamental component 
of team sports and is typically measured from a 
static start, despite athletes frequently initiating 
sprints from a walking/jogging/running start on the 
field. The focus of this study was how the entry 
velocity varies within and between sessions and 
whether this affects subsequent sprint performance 
(i.e., pickup acceleration). Sixteen male athletes 
(age 21.9 ± 4.8 years) performed three sessions, 
each consisting of two sprints at each of the four 
pre-determined entry velocities (static start (0%), 
20%, 40%, and 60% of maximum velocity), guided 
via an LED pacing system. Data were measured 
via a linear position encoder (1080 Sprint), from 
which maximum acceleration (amax), maximum 
velocity (vmax), and split times (2, 5, 10, and 20 m) 
were determined following the moment of pickup. 
Linear mixed-effects models were used, with entry 
velocity, trial, and session (and their interaction) as 
fixed effects and participant as a random effect. 
Entry velocity had a large effect on all variables 
(ηp

2=0.22 to 0.97; p <0.001). The only variable to 
differ significantly across trial and session was vmax. 
However, the effect sizes were small and within trial 
(6.0-7.0%), and between-session (0.15 to 0.67%) 
coefficients of variation were less than 10%. In 
summary, entry velocity had minimal effect on the 
stability of amax, vmax, and split times across trials 
and sessions, and the practitioner can be confident 
that these measures are reasonably stable across 
repeated testing occasions and, therefore, can be 
used to measure and monitor pickup acceleration. 
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INTRODUCTION

Sprinting acceleration is a key factor in determining 
performance in many sports and disciplines. In 
team sports, acceleration is necessary for both 
attacking, defending, and evasive maneuvering, 
often in response to scoring opportunities [1, 2]. 
During these accelerations, the athlete performs 
a ‘pickup’ and maximally accelerates from a 
submaximal entry velocity on a continuum spanning 
low to high velocities (e.g., walk-to-run) in relatively 
short bursts of effort [3, 4]. The prevalence of non-
stationary accelerations varies by sport [5], but 
typically far outnumber static-start sprints [4, 6]. To 
this point, there is evidence that in elite-level rugby, 
accelerations are initiated from a walking-standing 
(0-1.9 m/s) start at a frequency of 53.4 ± 5.5% or 
a jogging start (>1.9 m/s) 31.8 ± 5% of the total 
accelerations quantified [7]. Simply put, it is evident 
that in-situ, athlete sprint capability is defined by 
the ability to ‘pickup’ and maximally accelerate in 
non-static conditions (i.e., pickup acceleration) and 
across a range of entry velocities. Nonetheless, 
most research on the subject, and accordingly 
measurements in practice, involve characterizing 
sprinting from a static start, this potentially indicates 
a disconnect to what occurs commonly on-field.   

Maximal acceleration is characterized by the ability 
of the athlete to orient force production horizontally, 
which enables an increase in velocity. This 
expression of physical and technical capacities 
underlying sprinting performance is situational, 
but ultimately changes based on the velocity of 
the athlete and the position of their center of mass 
[8-10]. Horizontal force and acceleration vary in a 
highly predictable fashion with movement velocity 
[11-13], and higher velocities are associated 
with lower rates of acceleration, and vice versa. 
This horizontal force application proportionality 
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decreases with increased speed as the athlete’s 
posture shifts towards vertical, and vmax is attained. 
With the highest rate of acceleration (amax) occurring 
near the start of the sprint, it can be logically inferred 
that accelerative amax also decreases with the 
addition of an entry velocity. Previous researchers 
investigating static start sprinting [14] have shown 
simple measurements such as distance-time to 
be consistent across testing sessions; however, 
reporting of how these variables change during 
pickup acceleration has not been undertaken. 

Pickup acceleration is largely under-explored in 
the literature, with only a small selection of articles 
examining the entry velocity’s impact on amax, and 
vmax [15]. In studying the impact of an entry velocity 
on acceleration, Sonderegger et al. [15] used a 
pacer who received auditory cueing through a 
headset to pace athletes into their accelerations 
across three absolute entry velocities (~1.67, ~3.00, 
~4.17 m/s). Once the pacer initiated their entry, 
they sounded a whistle at an arbitrary distance 
and the tested athlete then maximally accelerated 
through 50 m.  A significant inverse correlation was 
observed between the entry velocity and amax (r= 
-0.98), with amax decreasing by 27-35% with each 
increasingly faster entry velocity [15]. This group’s 
work shows that accelerative capacity decreases 
linearly with increasing entry velocity. 

Several articles have chronicled the impact of the 
entry velocity on outcome variable vmax. Benton et 
al [16] paced athletes at 3, 5, and 7 m/s using a 
bicycle outfitted with a digital speedometer for 25 
m until reaching the start line and accelerating for 
60 m. For their pickup sprints, vmax speeds ranged 
from 8.85-8.96 m/s, with the fastest vmax elicited 
by the fastest entry velocity [16]. Despite these 
findings, no significant differences were reported, 
and the intra-trial and intra-session stability of these 
measures was not evaluated. In the Sonderegger 
study, results were similar, with reported vmax values 
ranging from 8.53 to 8.69 m/s for the selected entry 
velocities [15], though the fastest vmax was observed 
from the standing start rather than the fastest-
paced pickups. Unexplored in these investigations 
is the impact of the entry velocity on distance-time 
measures (i.e., split times); however, it can logically 
be surmised that similar to amax, split times decrease 
substantially with faster entry velocities. While not 
explicitly tested and reported, a decrease in split o	
times can be inferred by previous authors showing 
that with the increase in entry velocity, the distance 
needed to attain 90 to 97.5% of vmax decreased [17]. 
Once again, these measures were not examined for 

consistency across repeat trials or sessions. 

These articles are informative and serve as a 
basis for further exploration; however, there are 
limitations. First, in the gait transition literature, the 
transition from walking to running has been studied 
robustly; however, the bulk of it examines a steady 
increase in speed from a limited entry velocity 
bandwidth (predominantly walking, and excluding a 
jogging entry), with only a small portion examining a 
sharp increase in velocity over 3 to 4 total steps and 
incomplete reporting of outcome measures vmax, 
amax, and split times [18-22]. The disconnect arises 
due to most sporting events utilizing a spontaneous 
transition from low to high speed, with acceleration 
occurring rapidly. Secondly, subjects in these gait 
transition studies were not asked to attain vmax, 
and amax and split time numbers were not reported. 
Finally, the overall repeatability of these measures 
has yet to be examined in depth in any context, 
which precludes practitioners from understanding 
the magnitude of changes elicited and the overall 
reliability of measurement. 
  
Given the aforementioned information, the aims 
of this study were twofold. First, we sought to 
understand how different standardized entry 
velocities (20%, 40%, and 60% of vmax) affected 
pickup acceleration outcome measures amax, 
vmax, and split times; and second, how does the 
entry velocity affect measures of consistency 
across multiple repeat trials and sessions? It was 
hypothesized that faster entries would result in a 
lower amax and shorter split times, a negligible impact 
on vmax would be found, and consistency across 
trials and sessions would be expected. The findings 
of this study will enable a better understanding of 
pickup acceleration from a sports performance and 
assessment perspective, as well as provide insight 
into measures that can be used to consistently 
characterize this phenomenon. 

METHODS

Experimental Approach to the Problem

A repeated measures design was used to determine 
the effects of the entry velocity (20%, 40%, and 60% 
vmax) on pickup acceleration performance measures 
(amax, vmax, and 2, 5, 10, and 20 m timed splits) 
across four consecutive weeks. For each trial and 
session, velocity- and distance-time raw data were 
collected by a motorized horizontal linear position 
encoder (1080 Sprint device), and the dependent 
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variables of interest were extracted and compared 
across trial, session, and condition (entry velocity). 

Athletes

Sixteen male team sport athletes (age 21.9 ± 
4.80 years, stature, 1.78 ± 0.08 m; body mass, 
70.9 ± 26.9 kg) from mixed sporting backgrounds 
(American football, N=9; American Ultimate Disc 
League professional ultimate frisbee N=3; soccer, 
N=2; Gaelic football, N=1; and basketball N=1) 
participated in this study. Athletes were healthy, 
without lower-extremity injuries in the previous six 
months (or any other injuries that might limit their 
full participation capability). They were advised to 
abstain from intense physical activity <24 hours 
before their testing session. Athletes were familiar 
with sprinting and sprint testing due to participation 
in a team sport (>1 year of sports performance 
training experience). Athletes provided written 
informed consent to participate, with ethical 
approval granted by the Auckland University of 
Technology Ethics Committee 21/437.

Procedures

Participants attended four sessions: one 
familiarization and three testing sessions. Athletes 
reported on the first testing day and were briefed 
on the procedures before participation. Testing 
was performed indoors on a 4G artificial turf, in 
consistent ambient conditions throughout the 
testing duration, and athletes wore the same 
footwear and sports training attire per session. All 
sessions, including the familiarization, took place 
over 60 minutes and were separated by a minimum 
seven-day period. Incidentally, 2 athletes missed 
1 previous session due to factors outside of the 
control of the researchers.  They subsequently 
performed a ’make-up’ session on the Saturday 
after the last scheduled week of testing, at the same 
time of day. For each session, all athletes performed 

a standardized dynamic warm-up involving total-
body dynamic stretches and sprint preparation 
movements consisting of sprint-specific joint 
mobility, skipping, hopping, and graded-intensity 
running. Familiarization primarily focused on the 
pacing technology used, however, it also included 
the measurement technology and the overall 
protocol. The second, third, and fourth weeks 
involved the athletes performing two static start 
accelerations followed by six pickup accelerations, 
two each of 20%, 40%, and 60% of peak velocity 
(vmax), extracted from the static start acceleration 
repetitions and rounded to the nearest 0.10 m/s. 
During the data collection session trials were 
allocated in randomized order. After completing the 
two static start sprints, each subject’s peak velocity 
was calculated from the motorized horizontal 
linear position encoder’s (LPE) tablet-based user 
interface. Each pickup sprint was normalized to 
each athlete’s vmax as calculated on the day of 
testing, with each pickup condition being assigned 
in a randomized order. If an athlete did not properly 
maintain their entry velocity, the trial was discarded, 
and after a 5-minute rest interval, a repeat trial was 
commenced.  Each static start trial was performed 
from a split stance position, and once given the 
‘OK,’ athletes were asked to maximally sprint for a 
total of 32 m. For each pickup trial, athletes started 
from the same stance and once cleared to begin, 
accelerated to the pace set by the LED pacing 
system. A minimum of 5 minutes of passive recovery 
was given between each trial (static and pickup).

The sprint lane setup for the experimentation 
consisted of two distinct sections (see Figure 
1): 1) an 18.2 m initial acceleration zone and 2) a 
27.4 m pickup acceleration zone (45.6 m total). 
Distances were determined through pilot testing to 
be sufficient to stabilize cued entry velocities. Each 
zone was delineated by cones of a different color 
at the initiation and termination of the respective 
zone. To target and monitor entry velocity, a 25 m 
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LED pacing system (LED Rabbit, BV Systems, LLC, 
Shawnee, KS) was placed parallel to the sprint 
lane, starting ~5 m behind the start of the entry 
zone. The pacing system was programmed to ‘Run’ 
mode, which, when selected, elicited a gradual 
acceleration over the length of the 25 m strip. 
Entry velocities were randomized using an Excel 
spreadsheet (Microsoft Excel, Microsoft, Redmond, 
WA, USA). A motorized LPE (1080 Sprint, 1080 
Motion AB, Lidingö, Sweden) was used to measure 
distance-time data during sprint trials. The device 
was set at ground level behind the sprint lane, with 
the retractable tether set to 2 m in distance from the 
motorized horizontal linear position encoder and 
attached to a belt around the athlete’s waist. The 
portable linear position encoder measured position, 
velocity, and acceleration via a retractable cable, 
communicated via Bluetooth to a tablet or laptop, 
with raw data saved to a cloud-based server via 
manufacturer software. While traditionally used to 
provide external resistance via braking the rotating 
drum on which the cable is spooled, the LPE was 
used on the lowest resistance setting (~1 kg of 
horizontal braking, to simulate unresisted running). 
Distance- and velocity-time data were sampled 
at 333 Hz, thus feasibly improving the process of 
detecting distinct events within the data stream. 

During trials, athletes were instructed to approach 
the starting line once the belt attached to the LPE 
was connected to their waist. A split stance with 
the athlete’s preferred foot in front was used, and 
any slack in the tether before the initiation of the 
movement was removed. For the pickup trials, 
athletes were instructed to accelerate to the LED 
pacing system’s speed and after 13 m from the start 
maximally accelerate through the sprint lane end. 

Data analysis

Raw data was extracted from the manufacturer-
provided web-based software. Static start trials 
were collected and extracted to tabulate the 
relative individual entry velocities; however, these 
trials were not used in the analysis as the primary 
focus was on the change in performance of the 
pickup acceleration variables. Before processing, 
each data point underwent a visual inspection 
to identify and remove erroneous data points for 
each entry velocity. Manual selection of the pickup 
location was conducted, and its corresponding 
time and distance points were screened per the 
protocol. Six trials where the athlete’s pace was 
incorrect or where they decelerated before the end 
of their 30 m acceleration were repeated with the 

errored trials not extracted. For extracted trials, the 
moment of pickup onset and trial termination were 
manually determined via graphical examination 
and subsequent manual selection. Following data 
extraction and inspection, each raw distance-time 
and velocity-time trial was individually analyzed 
through a custom script in MATLAB (R2022a, The 
MathWorks, Inc., Natick, Massachusetts, USA). 
Within the MATLAB script, each trial was low pass 
filtered with a 4th order Butterworth filter at 0.5 Hz 
cutoff frequency before the pertinent metrics were 
extracted. 

Previously, researchers have established that gait 
touchdown lies in the trough, and toe-off slightly 
past the peak for each point along the raw linear 
position encoder waveform [23]. Pickup onset along 
the raw velocity waveform was determined to occur 
when the following researcher-defined criteria were 
met. The criteria employed for breakpoint selection 
for each pickup trial were as follows: a visible rise 
in velocity for each pickup condition was defined 
using the raw velocity-time stream, with confirmation 
coming through analysis of the raw acceleration-
distance graph for a corresponding spike in 
velocity. For trials with no sudden spike in velocity or 
acceleration, a disruption in the homogenous nature 
of foot strikes was used in conjunction with analysis 
for a rise in acceleration on the raw acceleration-
distance waveform. Pickup trials were split into 
pre- and post-pickup just past the waveform peak 
for the foot strike immediately prior, between 13 
and 18.2 m. This signified that propulsion of the 
center of mass had occurred. From the pre-pickup 
data, the mean pickup velocity was determined 
by extracting the mean 5 m entry velocity before 
the selected pickup point and normalizing it to the 
maximal velocity attained. Post-pickup metrics 
extracted were time splits at 2, 5, 10, and 20 m, 
vmax and amax. Finally, intra-operator reliability for the 
pickup conditions was assessed by analyzing all 
trials twice, with a minimum of two days between, 
with the repeatability dependent on the pickup point 
detection sufficient for further data processing.

Statistical analysis

Where applicable, descriptive statistics are 
presented as mean ± standard deviation. To 
assess the effects of entry velocity on pickup 
acceleration performance (amax, vmax,  2, 5, 10, and 
20 m split time), linear mixed-effects models were 
used, specifically the lmerTest [24] package in R 
language and environment for statistical computing 
(version 4.2.0, The R Foundation for Statistical 
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Computing, Vienna, Austria). Further, geffects [25] 
were used to estimate marginal means, and various 
packages from the easystats [26] framework (e.g., 
performance, parameters, and effect size). Linear 
mixed-effects models were used in favor of more 
classical approaches due to: 1) flexibility for data to 
be considered within a single model (i.e., all trials, 
all sessions across all conditions), without violating 
the assumption of independence of observations; 
and, 2) allowing entry velocity to be included 
within each model, and thus variation tested and 
controlled for when exploring the effects of session 
and trial. To this end, models were created, which 
first included fixed effects of the trial (representing 
intra-session), session (representing inter-session), 
and condition (representing variation in entry 
velocity), with the target being each performance 
variable. A second level of modeling included 
interaction effects (condition × trial, and condition × 
session) to explore whether intra- and inter-session 
measures varied by entry velocity. In both models, 
athletes were included as random effects. 

The goodness of fit of the models was interpreted 
using conditional R2. Standardized effects were 
extracted from running an analysis of variance on 
each model and reported as partial eta-squared 
(ηp

2) and their associated 95% confidence intervals. 
Finally, estimated marginal means and pairwise 
comparisons were determined to explore further 
the effects between sessions in raw change and 
confidence intervals, using Holm’s correction 
for multiple comparisons. For ηp

2 effect sizes, 
thresholds were set as trivial < 0.01, small 0.01-0.05, 
medium 0.06-0.13, and large > 0.14, respectively 
[27]. Within-trial and between-session coefficients 
of variation (CV) were calculated to reflect the 
typical error in the measurements, CVs <10% were 
deemed acceptable [28]. For all analyses, the alpha 
value was set at p<0.05. 

RESULTS

Descriptive statistics of the relevant dependent 
variables for each condition can be observed in 
Table 1. The mean pickup breakpoint distance 
was 14.75 ± 1.39 m. For breakpoint distance and 
breakpoint sample, inter-operator reliability was 
high with ICC>0.99. Eighteen of the twenty-one 
dependent variables analyzed had CVs <5% and 
all but one variable (mean entry velocity 40% vmax) 
had CVs less than 10%. Mean entry velocities are 
listed in Table 1.  Amax decreased, and split times 
shortened with the faster entry velocities. Vmax 
increased slightly between 20% and 40%, with 
larger increases seen at the 60% entry.   

The linear mixed effects model outputs for all 
variables across trial, session, and condition are 
detailed in Table 2. Vmax was the only variable to 
significantly differ across trial and session, while all 
variables differed by the entry velocity. As can be 
observed from Table 2, entry velocity significantly 
influenced all dependent variables, with the smallest 
effects noted on vmax (0.22) and similar larger 
effect sizes (> 0.90) found for all other variables. 
In contrast, vmax, was the only variable affected by 
trial or session, however, the effects were small (ηp

2 
0.02).

Pairwise comparisons for trial and session are 
detailed in Table 3. The only variable to differ 
significantly was vmax between trial 1 and trial 2 (0.08 
s CI: 0.03- 0.13 s). All other variables did not vary 
intra- or inter-session and the goodness of fit (R2) for 
all models were > 0.82.

DISCUSSION

Implicit in improving qualities such as pickup 
acceleration is understanding the effects of different 

Table 1. Descriptive statistics for pickup acceleration variables across three different entry velocities and between 
session coefficients of variation (CV).

Variable 20% vmax
x̄ ± SD (CV)

40% vmax
x̄ ± SD (CV)

60% vmax
x̄ ± SD (CV)

Entry velocity mean (m/s) 1.87 ± 0.16 (8.50%) 4.43 ± 0.75 (17.0%) 6.71 ± 0.65 (9.60%)
amax (m/s2) 3.20 ± 0.32 (1.85%) 1.84 ± 0.31 (1.37%) 0.91 ± 0.21 (4.75%)
vmax (m/s) 7.73 ± 0.50 (0.67%) 7.80 ± 0.53 (0.15%) 8.05 ± 0.56 (0.36%)
2 m (s) 1.00 ± 0.10 (3.57%) 0.45 ± 0.09 (0.00%) 0.29 ± 0.03 (2.01%)
5 m (s) 1.73 ± 0.14 (2.94%) 1.07 ± 0.16 (1.63%) 0.71 ± 0.72 (0.82%)
10 m (s) 2.57 ± 0.18 (1.95%) 1.87 ± 0.22 (0.00%) 1.36 ± 0.12 (0.42%)
20 m (s) 3.95 ± 0.22 (1.40%) 3.24 ± 0.29 (0.18%) 2.62 ± 0.20 (0.79%)

Note: maximal acceleration (amax); maximal velocity(vmax); standard deviation (SD); 2 m (2 m split time)
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entry velocities and whether these effects can 
be measured consistently across multiple trials 
and testing sessions. With this in mind, the dual 
foci of the study were to 1) quantify the effects of 
various running velocities on pickup acceleration 
measures and 2) determine if these effects could 
be consistently measured across testing occasions.  
The main findings were: 1) as expected, entry 
velocity affected all variables; 2) vmax was the only 
variable to differ significantly across trials, but within 
a trial (6 to 7 %) and between sessions (0.15 to 
0.67%), CVs were less than 10%. 

The vmax of the subjects in this study were (7.73 to 
8.05 m/s), which was less than the subjects in the 
Sonderegger et al. (8.52 to 8.69 m/s), Young et al. 
(8.18 to 8.30 m/s) and Benton et al. (8.85 to 8.96 m/s). 
These differences in vmax are most likely explained 

by the variation in subjects’ sporting backgrounds 
(AFL senior players, junior male soccer players, 
and young field sport athletes) and the varying 
technology used (radar and position transducers). 
For example, the 1 kg resistance setting used with 
the motorized horizontal linear position encoder in 
this study, could explain the slower velocities as 
compared to unresisted methods e.g. radar.

Unsurprisingly, entry velocity exerted significant 
effects on all performance variables, with large 
effect sizes (ηp

2=0.22 to 0.97). Faster entry 
velocities resulted in lower amax values (20% entry 
= 1.87 ± 0.16 m/s, amax = 3.3 ± 0.32 m/s2; 40% 
entry= 4.43 ± 0.75 m/s, amax=1.84 ± 0.31 m/s2; 60% 
entry= 6.71 ± 0.21 m/s, amax= 0.91 ± 0.21 m/s2) 
and larger changes (17 to 55%) in split times (see 
Table 1). It is difficult to compare our results to other 

Table 2. Linear mixed-effects model outputs on pickup acceleration dependent variables and ηp2 effect sizes 
(95% CI) for trial, session, and entry velocity.

Dependent 
Variable

Trial Session Condition

F P ηp
2 

(CI) F P ηp
2 

(CI) F P ηp
2 

(CI)

amax 3.81 0.05 0.01 
(0.00, 0.05) 0.23 0.80 0.00 

(0.00, 0.02) 9627 <0.001 0.97 
(0.97, .98)

vmax 9.00 0.00 0.03  
(0.00, 0.08) 3.20 0.04 0.02 

(0.00, 0.06) 76.3 <0.001 0.22 
(0.14, 0.30)

2 m split 0.19 0.66 0.00 
(0.00, 0.02) 0.73 0.48 0.00 

(0.00, 0.03) 2917 <0.001 0.91 
(0.90, 0.93)

5 m split 0.00 0.95 0.00 
(0.00, 0.00) 0.61 0.54 0.00 

(0.00, 0.03) 6497 <0.001 0.96
 (0.95, 0.97)

10 m split 0.28 0.60 0.00 
(0.00, 0.02) 0.45 0.64 0.00 

(0.00, 0.02) 8961 <0.001 0.97 
(0.96, 0.97)

20 m split 1.98 0.16 0.00 
(0.00, 0.04) 0.66 0.52 0.00 

(0.00, 0.03) 7532 <0.001 0.97 
(0.96, 0.97)

Note: maximal acceleration (amax); maximal velocity (vmax); standard error (SE); model fit (R2); F ratio (F); p-val-
ue (p); partial eta squared effect size (ηp2); 95% confidence interval (CI); Intra-session pickup acceleration 
outcome (Trial); Inter-session pickup acceleration outcome (Session)

Table 3. Pickup acceleration intra- and inter-session pairwise comparisons

Dependent 
Variable

Trial 1-Trial 2 Session 1-2 Session 1-3 Session 2-3
Delta 
(CI) SE p Delta 

(CI) SE p Delta 
(CI) SE p Delta 

(CI) SE p 

amax
0.04 

(0.00, 0.08) 0.02 0.05 0.01 
(-0.04, 0.07) 0.02 >0.99 0.01 

(-0.04, 0.07) 0.02 >0.99 0.00 
(-0.06, 0.06) 0.02 > 0.99

vmax
0.08 

(0.03, 0.13) 0.03 0.00 0.00 
(-0.08, 0.07) 0.03 0.92 0.07 

(-0.01, 0.15) 0.03 0.08 0.07 
(-0.01, 0.15) 0.03 0.08

2-m split 0.00 
(-0.02, 0.03) 0.01 0.66 0.00 

(-0.02, 0.04) 0.01 >0.99 0.00 
(-0.04, 0.02) 0.01 >0.99 -0.02 

(-0.05, 0.02) 0.01 0.68

5 m split 0.00 
(-0.02, 0.02) 0.01 0.95 0.00 

(-0.02, 0.04) 0.01 >0.99 0.00 
(-0.04, 0.02) 0.01 >0.99 -0.01 

(-0.05, 0.02) 0.01 0.81

10 m split 0.00
 (-0.03, 0.02) 0.01 0.60 0.00 

(-0.02, 0.04) 0.01 >0.99 0.00 
(-0.03, 0.03) 0.01 >0.99 -0.01 

(-0.04, 0.02) 0.01 >0.99

20 m split 0.02 
(-0.04, 0.01) 0.01 0.16 0.01 

(-0.03, 0.05) 0.01 0.93 0.00 
(-0.04, 0.03) 0.01 0.93 -0.02 

(-0.06, 0.02) 0.01 0.77

Note: maximal acceleration (amax); maximal velocity(vmax); standard error (SE), p-value (p); intra-session pickup accel-
eration outcome (Trial); inter-session pickup acceleration outcome (Session)
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researchers given the disparate entry velocities of 
Benton et al. (3 m/s, 5 m/s, and 7 m/s) and Young 
et al. (unstandardized gradual entry). Sonderegger 
et al. used 1.61 m/s, 3.0 m/s and 4.1 m/s entry 
velocities and reported decreases in amax of 4.3 
m/s2, 3.20 m/s2, and 2.29 m/s2. Sonderegger [15] 
reported the reliability of amax, the CVs ranging from 
5.4 to 10.9%, which were higher than those of this 
study (1.85 to 4.75%).  Nonetheless, even with the 
different methodological approaches, the effects of 
entry velocity in all studies had a clear effect on the 
amax attained for the trial.
  
The fastest splits and vmax values were achieved 
with the faster entry velocities (vmax values were 
7.73, 7.80, 8.05 m/s for 20%, 40%, and 60% entries 
respectively). Additionally, significant split time 
differences were found between the 20% and 60% 
entry velocities, with the 60% entry velocity being 
~122% faster at 2m, ~62% faster at 5 m, ~37% 
faster at 10 m, and ~22% faster at 20 m. Each 1% 
increase in entry velocity decreased split times by 
0.01 to 0.02 s (CI -0.1, -0.1; -0.2, 0.2) and amax by 
0.04 m/s (CI -0.4, -0.4). No other researchers have 
detailed changes in this manner.

Of secondary interest was determining if the effects 
of different entry velocities could be consistently 
measured across multiple testing occasions. In 
terms of consistency, vmax was the only variable that 
differed significantly across trials and sessions. 
The session 3 vmax was faster than sessions 1 
and 2, which could point to a learning effect by 
the athletes. When pairwise comparisons were 
computed, between trial vmax data was the only 
comparison to differ significantly. It needs to be 
noted, however, that between trials, CVs for vmax 
ranged from 6.0 to 7.0% across the three entry 
velocities, indicating acceptable reliability. The 
between-session CVs for the variables of interest 
were, for the most part, (18/21) less than 5%, 
indicating adequate consistency across sessions. 
Furthermore, there appeared to be no change in 
variability with increasing entry velocity. Vmax has 
been reported to be reliable and valid, with a CV of 
1.1 ± 0.5% [30], the CVs slightly more than those of 
this study (0.15 to 0.67%). Benton [16], Young [17], 
and Sonderegger (25) did not report vmax or split 
time reliability, and Benton et al. [16] and Young et 
al. [17] reported within trial reliability only given their 
single session methodology. 

This study was the first to comprehensively 
investigate the reliability of amax, vmax, and split 
times in conjunction with varying entry velocity 

conditions. In summary, despite our entry velocities 
being distinct from those seen in other literature, 
they substantiate that increasing entry velocity 
decreases amax and increases vmax. Furthermore, 
the entry velocities we used had minimal effect 
on the stability of amax, vmax, and split times across 
trials and sessions. Although statistically significant 
differences were noted between trial vmax, effect 
sizes, and CVs were small, reflecting trivial practical 
changes between trials 1 and 2. In tandem with 
small standard errors (range 0.01-0.03 s), these 
metrics exhibit acceptable consistency across trials 
and sessions. The high consistency observed in this 
study aligns with previous literature demonstrating 
the reliability of the performance measures 
examined. 

PRACTICAL APPLICATIONS AND FUTURE 
RECOMMENDATIONS

During sporting accelerations, the athlete typically 
performs a ‘pickup’ and maximally accelerates 
from a submaximal entry velocity on a continuum 
spanning low to high velocities (e.g., walk-to-
run) in relatively short bursts of effort. Though 
common in sports, pickup acceleration is not 
well researched and, therefore, understood. The 
first step in understanding any motor quality is to 
determine measures that enhance the practitioner’s 
understanding of the motor quality and, secondly, 
ensure that these variables can be measured 
consistently, i.e., reliability. Maximal velocity and 
acceleration, as well as split times, were thought to 
be the best kinematic variables to initially quantify to 
enhance the understanding of pickup acceleration.  
As expected, maximal acceleration capacity 
and split times were closely linked to the entry 
velocity of the athlete during pickup acceleration 
testing. The practitioner needs to understand 
this relationship within the context of their sport 
i.e. pickup assessments should take place within 
the entry velocity band common in the sport. 
Additionally, in similar cohorts, the coach would 
expect entry velocity to have a measured effect on 
amax (0.04 m/s2 decrease per 1% increase in entry 
velocity) and split times (0.01 to 0.02 s decrease 
per 1% increase in entry velocity). Also, if using 
similar testing procedures as outlined in this paper, 
the practitioner can be confident that the outcome 
measures are reasonably stable across repeated 
testing occasions and, therefore, can be used to 
measure and monitor pickup acceleration.  
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