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Abstract

International Journal of Exercise Science 19(7): 7004, 2026. This study investigated the reliability and
validity of a radar tracking device (RTD) for assessing linear sprinting (sprint) and change-of-direction (CoD)
performance in ice hockey. Twenty competitive male youth ice hockey players (age: 16.35 £ 0.67 years; body mass:
72.37 £10.06 kg; height: 177.48 + 5.40 cm) performed three 30-m sprints and three 10-0-5-m CoD tests on ice. Sprint
and CoD performance variables, including split times, position-based times, and maximal velocity, were assessed
simultaneously using the RTD and a linear encoder (LE). Correlations between systems ranged from small to very
high for sprint (r = 0.49 to 0.95, p < .01) and from moderate to very high for CoD (r = 0.68 to 0.90, p < .01), except
for the CoD,, _split (r = 0.27, p > .05). Coefficients of variation (CV) ranged from 4.41 to 6.68% for sprint and from
4.36 to 7.52% for CoD. Systematic bias for split times was trivial (-0.04 to 0.02 s), except for sprint,, and total
sprint time (0.07 and 0.05 s, respectively), which likely reflected differences in system initiation methods. Intraclass
correlation coefficients ranged from 0.67 to 0.94 (p < .01) for sprint and from 0.82 to 0.95 (p < .01) for CoD, with
corresponding CV values of 1.10 to 3.06% and 1.45 to 3.01%, respectively. Overall, these findings indicate that the
Ledsreact RTD demonstrates acceptable validity and moderate to very high within-session reliability for assessing
sprint and change-of-direction performance variables in ice hockey.
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Introduction

Skating performance in ice hockey involves a wide range of actions, including starts from a
standstill, acceleration, deceleration, high-speed skating, and rapid changes of direction (CoD).*
> Among these actions, linear sprinting and CoD are considered key determinants of on-ice
performance and are therefore commonly assessed in both applied and research settings.

Traditionally, sprint and CoD performance in ice hockey have been evaluated using total
completion time, which provides limited insight into the mechanical and neuromuscular
demands underlying these actions.*®” In linear sprinting, distinct phases such as the start,
acceleration, and attainment of maximal skating velocity are characterized by specific changes
in ice contact time, force production, muscle activation, and joint kinematics.*!* Assessing split
times over short distances allows these phases to be examined more precisely than total sprint
time alone and may better reflect the physical qualities targeted in training and performance
monitoring.
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Similarly, commonly used on-ice CoD tests, such as the 5-10-5 m and 5-0-5 m, typically report
only total time as the primary outcome. While these tests are practical and widely adopted, total
time fails to characterize phase-specific velocity changes, including braking, re-acceleration, and
exit speed. A more detailed assessment of these phases could provide valuable insight into a
player’s ability to decelerate and re-accelerate efficiently, which are critical components of CoD
performance in ice hockey.>'

To capture these phase-specific variables, various technologies have been employed to assess
on-ice sprint performance , including radar device,*'¢ linear encoders (LE),"” and camera-based
systems.® LE are frequently used by professional ice-hockey organizations due to their ability
to provide precise measures of displacement, velocity and split times. Importantly, LE quantify
tether displacement over time, thereby providing a direct kinematic assessment of the athlete’s
horizontal center-of-mass (COM) motion independent of the locomotor modality (e.g., running
vs. skating). For this reason, LE have been widely implemented as field-based reference systems
in sport performance assessments. However, the practical implementation of LE systems requires
substantial setup time, athlete instrumentation, and controlled testing conditions, which can limit
their feasibility during routine on-ice assessments. These constraints are especially relevant when
ice availability is limited and may further restrict the application of LE systems for on-ice CoD
assessments.

In contrast, a radar tracking device (RTD) represents the only alternative technology capable
of assessing both sprint and CoD performance on ice while providing continuous measures of
position, velocity and split times. Importantly, RTDs are non-invasive, require minimal setup
time, and do not interfere with skating mechanics, making them particularly suitable for applied
ice-hockey environments. Despite these practical advantages and their increasing use in the field,
the validity and reliability of RTDs for assessing on-ice sprint and CoD performance have not
been fully established.

Accordingly, this study aimed to examine the within-session reliability and criterion validity of
split times, position-based times, and velocity measures obtained with a RTD during on-ice sprint
and CoD tasks, using a LE as the reference system. We hypothesized that the RTD would provide
valid and reliable measurements of on-ice sprint and CoD performance in ice hockey players.

Methods

In this validation and reliability study, on-ice sprint and CoD data obtained with a radar tracking
device (RTD; LedsReact Pro, 24 Hz, Courtai, Belgium/NY, USA) were compared with those
obtained using a linear encoder (LE; 1080 Sprint, 1080 Motion, 333 Hz, Liding6, Sweden), which
has previously been validated for linear sprinting" and CoD." Split times (s), position-based
times (s), and maximal velocity (m,s™) were assessed simultaneously and served as the primary
variables for the reliability and validity analyses.

Participants

To determine the minimum number of participants, a priori calculation was generated using a
sample size calculator for reliability studies.”” Based on data from Rakovic et al® and Eriksrud
et al,’ a minimum acceptable intraclass correlation coefficient (ICC) of 0.6, an expected ICC of
0.9, a power of 80%, and two replicates per participants (k = 2) yielded a required sample size of
16 accounting for an expected 10% dropout rate. Based on this a priori calculation we recruited

International Journal of Exercise Science http:/ /www.intjexersci.com




Int | Exerc Sci 19(7) 7004, 2026

20 volunteers. There were no dropouts, therefore, the final analysis was completed on all 20
recruited individuals (n = 20).

Twenty male youth ice hockey players (age: 16.35 £ 0.67 years; body mass: 72.37 + 10.06 kg;
height: 177.48 + 5.40 cm) competing across levels ranging from U18 Division 3 to major junior
volunteered to participate in the study. The study was conducted in accordance with the
Declaration of Helsinki and was approved by the Ethics Research Committee of the University
of Quebec in Montreal (approval number: 2025-7159). Prior to participation, all players and their
legal guardians were informed of the study aims, procedures, and potential risks, and provided
written informed consent. This research was conducted in full accordance with the ethical
standards of the International Journal of Exercise Science.”

Inclusion criteria required participants to have at least five years of ice hockey experience, to be
familiar with on-ice sprint and change-of-direction testing, and to be free from musculoskeletal
or neurological injuries at the time of testing.

Protocol

Testing was conducted in an indoor ice rink with sufficient space for anthropometric assessment,
dry-land warm-up, and on-ice testing. Height and body mass were measured using a standard
measuring tape and a calibrated scale (Hawkin Dynamics, 4th Generation, model 1060; Westbrook,
ME, USA), respectively, prior to a standardized warm-up lasting approximately 15 minutes.
The warm-up consisted of three minutes of progressive-intensity jogging, lower-body mobility
exercises (lunges and lateral squats), running drills (high knees, butt kicks, A-skips, side shuffles),
plyometric exercises (bounds and vertical jumps), and four progressive 30-m sprints performed
at 70, 80, 90, and 100% of maximal intensity.”? Following the dry-land warm-up, athletes were
given 15 minutes to put on their equipment, including their hockey stick, before stepping onto
the ice.

The on-ice warm-up consisted of four progressive 30-m sprints and 10-0-5-m CoD trials performed
at 70, 80, 90, and 100% of maximal intensity. Following the warm-up, each athlete completed
three maximal 30-m sprints and three maximal 10-0-5-m CoD trials in a randomized order (i.e.,
half of the participants started with the sprint trials, while the other half began with the CoD
trials), with four minutes of recovery between each trial.

The starting line (0 m) and finish line (30 m) for the sprint trials were marked on the ice, and a
skating corridor was defined using cones placed every 2 m, resulting in a 30-m-long and 2-m-wide
lane to guide the athletes.

The LE, serving as the reference system, was set in isotonic resistance mode using a 3-kg load
to maintain constant tension in the cable during skating. As previously reported, this resistance
does not affect inter-system comparisons (RTD vs. LE) for skating velocity and derived variables,
as both systems measure the same skating action.” The auto-start function was used, with data
acquisition initiated when velocity exceeded 0.2 m s™.

The RTD was mounted on a tripod at 1.05 m above ice level, corresponding approximately to the

height of the participants” center of mass while wearing skates. Both devices (RTD and LE) were
positioned 3 m behind the starting line.
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For the starting position, participants wore a waist-borne harness connected to the LE cable,
placed their toes as close as possible to the starting line, and adopted a V-start position (hips facing
forward) while holding their hockey stick with their dominant hand. After the fourth acoustic
signal from the RTD, athletes initiated the sprint at their own initiative and were instructed to
skate maximally until the finish line.

Based on the fastest completion times, the two best trials out of three 30-m sprints were retained
for analysis to minimize the influence of submaximal efforts or execution errors.* This approach
is consistent with previous sprint-mechanics studies using radar-based and tracking systems.”

F or-each trial a1-1d each system, split times (sprint,_,, sprint, ., sprint, ,, , sprint,, , , sprint,; ,,,
sprint sprint,, ., , sprint_ ), position-based times (sprint,,, , sprint, . , sprint

and
20-25m’
sprint , as well as maximal velocity (sprint__ ), were extracted for analysis.

0-20m”
0—-25m)

For the CoD test, participants skated 10 m forward, stopped at the painted line, pivoted, and then
skated 5 m in the opposite direction as fast as possible. As in the sprint trials, to ensure constant
cable tension, the LE was positioned 3 m from the stopping line (i.e., 13 m from the starting line)
and was set in isotonic resistance mode with 3 kg of assistance during the first 10 m and 3 kg of
resistance during the second phase (5 m).'* The RTD was mounted on a tripod at 1.05 m above ice
level and positioned 3 m behind the starting line (Figure 1). Because ice hockey players perform
skating actions more effectively with their hockey stick, and to avoid interference between the LE
cable and waist harness, left-handed participants (stick in the right hand) started with the belt on
the left hip and stopped with the left skate outside the line; the opposite configuration was used
for right-handed participants.!” Athletes initiated the CoD task at their own discretion following
the fourth acoustic signal from the RTD. Based on the fastest completion times, the two best trials
out of three were retained for statistical analysis.

CoD

For each trial and each system, split times (CoD CoD

velocity (CoD_ ) were extracted for analysis.
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Figure 1. Testing setup illustrating the placement of the radar tracking device, linear encoder, starting line, change-
of-direction line, and final position for the on-ice 10-0-5-m CoD test.
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For the LE, raw velocity data derived from cable displacement were recorded at 333 Hz and
processed using the device software (TrainitTest software, 1080 Motion). Raw data were exported
in CSV format for further analysis in Excel (version 16.78.3; Microsoft Corp., Redmond, WA,
USA).

For the RTD, raw velocity data were recorded at 24 Hz and filtered using the manufacturer’s
software (LedsReact Performance Hub, Courtai, Belgium/NY, USA), and then exported in CSV
format for further analysis in Excel (version 16.78.3; Microsoft Corp., Redmond, WA, USA).
Because the RTD and the LE relied on different start triggers, synchronization between systems
was performed during post-processing. For both sprint and CoD trials, movement onset was
defined as the first forward displacement detected in the RTD data stream and the first velocity
value exceeding 0.2 m_s™* in the LE data stream (auto-start function). The two time series were
then manually aligned based on these onset points to ensure that both systems referred to the
same movement initiation event. No hardware-based synchronization was available between
devices.

Statistical Analysis

Means and standard deviations (SD) were calculated for all split times, position-based times, and
velocity variables using Excel (version 16.78.3; Microsoft Corp., Redmond, WA, USA). All other
statistical analyses were performed using SPSS (version 29; IBM Corp., Armonk, NY, USA). Data
normality was assessed using the Shapiro-Wilk test, with the significance level set at a = 0.05.

Within-session reliability was evaluated using intraclass correlation coefficients (ICC), standard
error of measurement (SEM), and coefficient of variation (CV) for all split times, position-based
times, and velocity variables. ICC values were interpreted as follows: 0.50-0.75 = moderate, 0.75-
0.90 = high, 0.90-0.99 = very high, and > 0.99 = extremely high.”

Criterion validity was assessed using mean differences (Diff, s), CV, and Pearson correlation
coefficients (r) or Spearman rank correlation coefficients (p) when data were not normally
distributed. The strength of associations was classified as small (0.30-0.50), moderate (0.50-0.70),
high (0.70-0.90), very high (0.90-0.99), and almost perfect (= 0.99).% Bland-Altman plots were
generated in Excel (version 16.78.3; Microsoft Corp., Redmond, WA, USA) to examine agreement
between systems for split times, position-based times, and velocity variables.

Results

Table 1 shows the main variables used to compare intra session reliability and inter system
validity for both on-ice sprint and CoD. For reliability, CV ranged from 1.10 to 3.06 % for all
variables and ICC ranged from moderate to very high (0.67 to 0.95). SEM ranged from 0.01 to 0.08
for time variables and from 0.09 to 0.12 for velocity variables.

Inter system validity showed significant correlations, as shown in Table 1, that ranged from small
to very high (0.49 to 0.95), except for CoD,_ that did not show a significant correlation. CV values
ranged from 4.36 to 7.52%. Sprint biases (difference between the systems) were trivial (-0.02 to
0.02) for the split times (sprint, , , sprint,, ., sprint,,  , sprint, ., sprint, . ).Small differences
were observed for sprint,;(0.07), sprint ., (0.05) and sprint__ (0.14). Table 1 presents the main
variables used to assess within-session reliability and inter-system validity for on-ice sprint and
CoD performance. For reliability, CV values ranged from 1.10 to 3.06% across all variables, while
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ICC values ranged from moderate to very high (0.67 to 0.95). SEM values ranged from 0.01 to 0.08
s for time-based variables and from 0.09 to 0.12 m_s™ for velocity variables.

Inter-system validity revealed significant correlations for most variables (Table 1), ranging from
small to very high (r = 0.49 to 0.95), except for the CoD, ;_split, which did not show a significant
correlation. CV values ranged from 4.36 to 7.52%. Sprint biases between systems were trivial
(=0.02 to 0.02 s) for intermediate split distances (sprint,  , sprint, . , sprint , sprint, .,
sprint,, ., ). Small differences were observed for sprint . (0.07 s), sprint ., (0.05s), and sprint__
(0.14 m s™).%

For CoD, biases were trivial for split times (—0.04 to 0.01 s) and small for maximal velocity (-0.11
m,s™1). Bland-Altman plots illustrating agreement between systems for all sprint and CoD
variables are presented in Figure 2.
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Figure 2. Bland-Altman analysis of 40 trials (on-ice 30-m sprint and 10-0-5-m CoD) comparing the two systems.
The top three rows display time-based variables (y-axis: difference in time [s]; x-axis: time [s]), whereas the bottom
row displays velocity-based variables (y-axis: difference in velocity [m, s™]; x-axis: velocity [m s™]). The solid line
represents the mean bias, the dashed lines indicate the 95% limits of agreement (LOA), and the dotted line represents
the line of agreement.
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Table 1. Within session reliability and criterion validity of the radar tracking device as function of the linear encoder.

Time & Velocity (M t SD) Reliability Criterion validity

Variable RTD (s) LE (s) CV% SEM ICC Diff s) CV% Corr

sprint,_ 548 +0.24 543 +0.25 110  0.07  0.93* 0.05 443  0.86*
sprint,, 1.67 £0.11 1.61+0.11 3.06 0.04 0.79* 0.07 6.68  0.49**
sprint_ 0.89 +0.05 0.89 + 0.04 242  0.01 0.78* -0.01 479  0.69**
sprint, 0.79 £0.05 0.79 £0.04 326 0.02 0.67* 0.00 562  0.70**
sprint_, 0.73 +0.05 0.74 +0.03 240 0.02 0.86* 0.00 555  0.90**
sprint, 0.69 + 0.04 0.71+0.03 238 0.01 0.78** -0.02 515  0.74**
sprint, . 0.71+0.04 0.69 + 0.04 272 0.01 0.79** 0.02 566  0.85"
sprint 2.56 £ 0.13 2.50+0.13 236  0.04 0.81* 0.06 524  0.60**
sprint 3.35+0.15 3.29+0.16 136 005 0.92* 0.06 463  0.74*
sprint , 4.09+0.18 4.03+0.19 112 0.06  0.94* 0.06 453  0.82**
sprint 478 £ 0.20 474+0.21 118  0.06  0.94* 0.04 441  0.86*
sprint_, 3.81+0.19 3.82+0.17 1.29 006  0.94* -0.01 478  0.957
sprint_ (m_s™) 7.39+0.38 7.26 +0.38 218 012  0.84* 0.14 521  0.85**
CoD,, 416+0.24 419+0.18 145 008 0.95* -0.03 506  0.68**
CoD,, 1.57 +0.14 1.58 + 0.06 1.75 005 0.95** -0.01 646 027

CoD, 1.13+0.09 1.11 +0.08 3.01 0.03 0.89** 0.01 752  0.86**
CoD, . 147 £0.11 1.50 £ 0.09 277  0.03 0.86** -0.04 6.63  0.90**
CoD_  (m,s™) 5.90 + 0.27 6.01 £0.25 224 0.09 0.82** -0.11 436  0.80**

Note: M, mean; SD, standard deviation; Sprint, 30-m linear sprint; CoD, change of direction 10-0-5-m; CV, coefficient
of variation; SEM, standard error of measurement; ICC, intraclass coefficient of correlation; Diff, difference between
the systems; Corr, Pearson correlation coefficient or Spearman rank-order correlation; **, p<0.01.

Discussion

The aim of this study was to validate and examine the within-session reliability of a RTD for on-
ice sprint and CoD performance using split times, position-based times, and maximal velocity
metrics. Inter-trial reliability demonstrated low to very low coefficients of variation, which are
comparable to those reported for previously validated timing systems.” In addition, intraclass
correlation coefficients were mostly high to very high and were similar to or higher than those
reported in previous studies.**® Overall, the RTD demonstrated satisfactory reliability for on-ice
sprint and CoD assessment.

Correlations between RTD and LE measurements for split times, position-based times, and
velocity variables were mostly high to very high and were comparable to those reported by
Rakovic et al'® for sprint performance (r = 0.48-0.95) and by Eriksrud et al*® for CoD performance
(r = 0.53-1.00). The largest sprint biases were observed for sprint, ;. and sprint ,, (Table 1).

Bland-Altman analyses (Figure 2) demonstrated small mean biases between the RTD and the LE
for sprint time variables, indicating minimal systematic disagreement between systems. Sprint, |
showed a bias of 0.05 s with limits of agreement (LOA) ranging from —0.18 to 0.28 s, while
sprint,, exhibited a bias of 0.07 s (LOA: —0.15 to 0.28 s). Agreement progressively improved for
intermediate and longer sprint split distances, with biases close to zero and narrower LOA.

For sprint__, a bias of 0.14 m s™ was observed with LOA ranging from -0.27 to 0.54 m s,
indicating greater individual variability for velocity-based measures compared with time-based
outcomes. This finding is not unexpected, as the two systems rely on different start-detection
methods.”* When examining the remainder of the sprint (sprint, ,, ), bias was negligible and
correlations between systems were very high. This can be explained by the fact that the RTD
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uses center-of-mass displacement to trigger movement onset, whereas the LE relies on an auto-
start threshold when velocity exceeds 0.2 m s™. When assessing sprint performance and force-
velocity profiling, the initial rise in force production and the first displacement of the center of
mass should ideally define the true start of movement.*

The non-significant correlation observed for the CoD, . _split may also be explained by the
methodological sensitivity of the start phase and by differences in measurement principles
between technologies. Agreement between systems depends on the reference signal and the
anatomical or mechanical point used to derive velocity. Previous studies have reported lower bias
when linear encoder outputs are compared to mechanically linked signals, whereas greater bias
occurs when compared to center-of-mass velocity derived from three-dimensional kinematics,
particularly during phases involving rapid postural and directional changes.”

In the present study, differences in start alignment may also have contributed to reduced
agreement for CoD, . To align the participant’s center of mass with the RTD start signal, the
pelvic attachment point of the linear encoder was positioned approximately 20 cm beyond the
start line. Although this offset is unlikely to influence longer distances, it may disproportionately
affect very short CoD segments. Similar start-related discrepancies between linear encoders and
timing gates have been reported in sprint assessments.'®

Notably, despite the reduced correlation observed for the CoD_, _split, Bland-Altman analysis
revealed a trivial mean bias (—0.01 s) with LOA ranging from —0.29 to 0.27 s, indicating minimal
systematic disagreement between the RTD and the LE. However, the width of the limits of
agreement highlights increased individual variability during this short segment. No proportional
bias was observed, suggesting that disagreement reflects variability rather than systematic error.
Collectively, these findings support the interpretation that reduced validity at CoD, _is likely
phase-specific and influenced by start-related methodological factors, synchronization sensitivity,
and the multidirectional nature of CoD movements.

The validity of radar-based measurements must be interpreted in the absence of a true field-
based gold standard for on-ice sprint and CoD assessment. Systems such as LE, timing gates,
global positioning system (GPS), and RTDs should therefore be considered as “silver standards,”
and inter-system differences are expected.”® RTD validity is further influenced by sampling
characteristics and by the short duration of early sprint and CoD phases, during which rapid
velocity fluctuations and limited data points may increase relative measurement error.

Supporting this interpretation, previous GPS validation studies,*** using lower sampling
frequencies (e.g., 10 Hz and 18.18 Hz) have reported larger biases than those observed in the
present study, particularly over short sprint distances. These findings indicate that limited
sampling frequency disproportionately affects early acceleration phases and short split segments.
In this context, moderate ICC values observed for short segments (e.g., sprint;o-15  ICC = 0.67)
likely reflect methodological and sampling sensitivity rather than inadequate device consistency.
From an applied perspective, these results support the use of RTDs for global sprint and CoD
performance monitoring, while emphasizing that short split distances should be interpreted with
caution.

Strengths and Limitations

A key strength of this study is the assessment of a RTD under ecologically valid on-ice conditions
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using a commonly applied reference system. The inclusion of both sprint and CoD tasks, together
with multiple performance variables (split times, position-based times, and velocity), provides
a comprehensive assessment of the device’s measurement capabilities across different skating
phases.

Several limitations should be acknowledged. Although the LE has been primarily validated
during running-based tasks, it quantifies horizontal tether displacement over time and therefore
provides a kinematic estimate of the athlete’s COM motion independent of the locomotor
modality. Nevertheless, potential differences between running and skating mechanics should be
acknowledged when interpreting the present findings. Differences in sampling frequency, signal
processing, and in the measurement of COM velocity between systems may influence agreement,
particularly during short split distances and early acceleration phases. The slight additional
resistance applied to the LE cable, although necessary to prevent slack, should also be considered
when comparing the present findings with studies using alternative configurations. Finally, the
relatively small sample size consisted exclusively of male ice hockey players of similar age and
competitive level, which may limit the generalizability of the findings to female athletes and
other playing populations.

Conclusion

This study demonstrated that the LedsReact radar tracking device provides acceptable criterion
validity and moderate to very high within-session reliability for assessing on-ice sprint and
change-of-direction performance in ice hockey players. Agreement between the RTD and the LE
was generally high for split times, position-based times, and maximal velocity, with only short,
start-dependent segments showing increased variability.

Collectively, these findings indicate that the RTD represents a robust and practical tool for on-
ice performance assessment. Although caution is warranted when interpreting very short split
distances, particularly during early acceleration and change-of-direction phases, the RTD offers a
valid and reliable solution for global sprint and CoD monitoring under applied field conditions.
Future studies should further examine its responsiveness to training-induced changes and its
applicability across different competitive levels and age groups.

Practical Applications

From a practical perspective, the LedsReact RTD allows practitioners to monitor on-ice sprint and
change-of-direction performance using a single, non-invasive device. Strength and conditioning
coaches, hockey coaches, and sport scientists can efficiently assess split times, position-based times,
and velocity in both individual and team settings without the need for athlete instrumentation or
complex setup procedures.

The main practical advantages of this system include:

(a) simultaneous assessment of split times, position-based times, and velocity using one device;
(b) the absence of harnesses or physical attachments to the athlete; and

(c) the elimination of timing gates, wiring, and external computation systems.

These characteristics make the RTD particularly suitable for routine on-ice testing, longitudinal
performance monitoring, and applied research in ice hockey environments where time efficiency

and ecological validity are essential.
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