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Abstract: This study aimed to compare the agreement of ball speed in throwing and kicking between
the Bushnell and the Stalker radar guns. Sixty-four healthy young adults (21.8 & 3.5 years) performed
a total of 320 throws and 320 kicks during the study. Ball speed was measured using both the Bushnell
and the Stalker radar guns for each trial. The mean difference in throwing speeds was found to be
1.39 km/h (95% CI: 1.20; 1.59), while the mean difference in kicking speeds was 1.38 km/h (95%
CI: 1.20; 1.56). The agreement, assessed through intraclass correlation tests, revealed an excellent
level of consistency for both ball speeds in throwing (ICC: 0.989 [95% CI: 0.986; 0.991]) and kicking
(ICC: 0.986 [95% CI: 0.983; 0.989]). An analysis of variance showed significant differences for both
throwing (p < 0.001; d = 0.799) and kicking (p < 0.001; d = 0.851), accompanied by a percentage
difference of 2.17% in throwing and 1.91% in kicking. In conclusion, this study suggests that the
correlation between both radar guns is excellent. However, Bushnell consistently underestimates
the ball speeds of throws and kicks, with differences that are statistically significant and practically
relevant. Despite this, the high correlation between the devices indicates that practitioners can use
either device, provided they adjust normative values accordingly.
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1. Introduction

Radar guns have emerged as invaluable tools in assessing throwing and ball-kicking
movements across various sports and testing scenarios [1]. Leveraging the principles of
Doppler radar technology, these devices accurately measure the velocity of an object in
motion by analyzing the frequency shift of reflected radio waves [2]. In sports such as
baseball, cricket, volleyball, or tennis, radar guns provide coaches and athletes with real-
time feedback on the speed of pitches, throws, and serves, enabling precise performance
evaluation and targeted training interventions [3]. Similarly, in soccer or rugby, radar
guns offer insights into the power of kicks, aiding in the refinement of technique and
the optimization of player performance [4]. Moreover, radar guns facilitate objective
comparisons between athletes in different tests and serve as objective metrics for a battery
of tests for talent identification or motor competence assessment [5]. Their non-invasive
nature and portability make them versatile instruments suitable for use in training sessions,
competitions, and scientific research, contributing to advancements in sports biomechanics
and performance analysis [6].
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Recent developments in sports performance monitoring are increasingly incorporating
wearable sensors, video analysis systems, and other advanced tracking technologies [7].
Wearable sensors, for example, provide continuous and detailed data on metrics such as
acceleration, impact, and heart rate, offering a greater view of an athlete’s physiological
responses and movement patterns during play [8]. Video-based systems, particularly
those using markerless motion capture, allow for detailed kinematic analysis and can be
combined with radar guns to create a fuller picture of athletic performance [9]. These
innovations complement radar-based speed measurements and are increasingly used in
both training and competition to refine performance and mitigate injury risks [7]. This
convergence of technologies is revolutionizing sports monitoring, allowing coaches and
researchers to tailor interventions based on a more comprehensive set of data. However,
radar guns remain a practical and accessible tool for specific tasks, such as measuring
throwing and kicking speeds, particularly when budget-friendly solutions are available.
These tools are increasingly used in sports settings where resources may be limited, such as
in youth coaching, community sports programs, and even in rehabilitation centers where
objective performance data can inform programmed recovery plans [10]. For example, in
real-world coaching, tools such as the Bushnell radar gun allow practitioners to monitor
throwing or kicking speeds in various field environments, providing instantaneous data
that can be used to refine techniques and prevent overuse injuries [11]. In rehabilitation con-
texts, low-cost monitoring tools can support patient progress tracking, enabling therapists
to measure specific movement speeds or forces in exercises as patients advance through
recovery stages, particularly for return-to-sport decisions [12].

Testing concurrent validity and agreement between instruments is paramount in scien-
tific and practical contexts to ensure the interchangeability and quality of data collection [9].
Concurrent validity assessments involve comparing the results obtained from the instru-
ment under study with those from a reference standard or established measure [13]. This
process is essential for verifying that the new instrument measures what it intends to
measure, validating its efficacy for the intended purpose [13]. Additionally, evaluat-
ing agreement between instruments ensures consistency and reliability in measurement
outcomes [14]. By testing concurrent validity and agreement, researchers and practitioners
can confidently select appropriate measurement tools, establish data comparability, and
make informed decisions based on reliable and valid data. This process is fundamental for
advancing scientific understanding, as it ensures that the tools used in research produce ac-
curate and consistent results. In practical applications, such as sports performance analysis
and athlete monitoring, reliable measurements are crucial for developing effective training
programs and interventions [15]. The ability to trust the data from various instruments al-
lows coaches and sports scientists to tailor their approaches based on accurate assessments,
ultimately enhancing the effectiveness of interventions in assessment and monitoring.
Furthermore, validating and ensuring agreement between different measurement tools
facilitates cross-study comparisons and meta-analyses, which are essential for building a
comprehensive body of knowledge in any field [9].

Traditional radar guns present drawbacks related to their cost and weight [16]. Nonethe-
less, advancements in technology have ushered in a new era of more budget-friendly
alternatives. For instance, affordable options like the Bushnell or Pocket radar speed radar
gun have gained popularity among trainers and researchers alike, particularly due to their
standalone functionality without the need for extra equipment [11]. These modern devices
offer a practical solution for those who may not have the resources to invest in high-end
equipment but still require accurate and reliable data. The increased accessibility of these af-
fordable radar guns has democratized the use of velocity measurement technology, making
it available to a wider range of users, from amateur sports teams to academic researchers.
Despite their lower cost, these devices maintain a high level of accuracy, enabling more
inclusive participation in performance monitoring and research activities across different
levels of sports and athletic training [17].
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The research conducted by Hernandez-Belmonte and Sanchez-Pay [11] highlighted a
robust correlation between Pocket radar guns and the widely accepted Stalker radar guns,
suggesting a remarkable degree of accuracy and dependability (ICC = 0.99, r ~ 0.98). This
strong correlation underscores the potential of affordable radar guns to serve as reliable
alternatives to more expensive models, ensuring that coaches, athletes, and researchers
can rely on the data these devices provide. Another study compared the Speedtrack X
radar gun with the Pocket radar gun, shedding light on its efficacy in measuring tennis
ball speed [17]. The above-mentioned study showed a strong correlation between the data
obtained from the two devices (r = 0.932, p < 0.001), and the ICC of the measurements was
also high (r = 0.964, p < 0.001) [17].

These studies collectively reinforce the validity of budget-friendly radar guns in
various sports settings. However, despite the widespread utilization of radar guns in
scientific studies, there persists a gap in the literature concerning the consistency of the
Bushnell radar gun when compared to established benchmarks. This gap is notable given
the increasing number of articles utilizing this instrument [18,19]. Addressing this gap
is essential to confirm whether the Bushnell radar gun can be confidently used in both
practice and research without compromising the accuracy of speed measurements.

To address this gap, our study undertook simultaneous testing to assess the compati-
bility between the Bushnell radar gun and a recognized gold-standard radar gun (Stalker).
By comparing two devices with similar characteristics, we aimed to identify any struc-
tural or technical discrepancies that could impact their performance and utility in various
applications [20]. By assessing both throwing and kicking activities, this study provides
a thorough evaluation of the Bushnell radar gun’s performance across different sports
movements. This comparative analysis highlights the importance of understanding the
performance of technologies, aiding users and researchers in making informed decisions.
Identifying differences between the Bushnell and Stalker devices may help athletes and
coaches enhance training and competitive performance with accurate data, whether using
high-end or more affordable equipment.

Thus, we aimed to evaluate the Bushnell radar’s consistency in measuring ball speed
compared to the benchmark Stalker radar. Hence, this study aimed to assess the consistency
of the Bushnell radar device in measuring ball speed during throwing and kicking activities,
juxtaposed with the benchmark provided by a Stalker radar gun.

2. Materials and Methods
2.1. Study Design

This study used a cross-sectional design, with participants assessed once for their
ball-throwing and ball-kicking performance. The main goal was to evaluate the agreement
between two radar devices for measuring throwing and kicking speeds, following the
Guidelines for Reporting Reliability and Agreement Studies (GRRAS) [21].

2.2. Setting

All testing took place in a laboratory environment maintained at 23 °C with a relative
humidity of 55% during morning hours between 9:30 and 12:30. Participants were asked to
rest for 48 h before testing. On the assessment day, they completed a demographic survey,
a standardized warm-up, and then the throwing and kicking trials.

2.3. Participants

Sixty-four participants (fifty-six males and eight females), with an average age of
21.8 £ 3.5 years, voluntarily participated in the study. An a priori sample size estima-
tion was conducted using G*Power software (version 3.1.9.6., Universitit Diisseldorf:
Psychologie—HHU, Germany). Based on a comparable study that investigated the agree-
ment between two radar guns and reported an R? value of 0.97 [17], we calculated the effect
size to be 0.932. Using a significance level (p-value) of 0.05 and a desired power of 0.95, the
recommended sample size was determined to be 6 participants.
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The inclusion criteria were as follows: (i) healthy young adults over 18 years old;
(ii) physically active, engaging in physical exercise at least three times per week, with a
minimum of 150 min of exercise weekly; (iii) no injury or illness at the time of the study
or within the previous month; (iv) no use of drugs or alcohol; and (v) full participation
in all aspects of the experiment. Recruitment was conducted through email and social
media within the university student community using convenience sampling. A total of
67 participants volunteered for the study, but 3 were excluded due to having a muscu-
loskeletal injury within the month before the study. Before participating, they were fully
informed about the study’s design, risks, and potential benefits. Participants provided
written informed consent. The study followed the principles of the Declaration of Helsinki
and was approved by the ethical committee of Wroclaw University of Health and Sport
Sciences (approval code: 22/2021).

2.4. Procedures

After providing demographic information, participants followed a standardized warm-
up protocol. This consisted of 5 min of self-paced jogging, followed by 10 min of dynamic
stretching for both the upper and lower limbs. The warm-up concluded with 5 min of
reactive jumps, including explosive push-ups for the upper body and countermovement
jumps for the lower body. After the warm-up, participants rested for 3 min before beginning
the tests.

The testing phase began with a series of five tennis ball throwing trials using the
participants’ preferred hand, preceded by one familiarization trial. A 30 s rest period was
provided between each throwing trial. Next, participants completed five soccer ball kicking
trials using their preferred foot, with one familiarization trial before the main trials. These
kicking trials were also separated by 30 s recovery periods.

Both throwing and kicking were performed consistently at the same distance from
the radar guns, positioned 1 m ahead of the participants and aligned with the radars. The
throws and kicks were aimed at a white wall positioned 5 m from the throwing and kicking
marks, featuring a centrally located target at a height of 1.5 m. Participants were instructed
to exert maximum velocity and accuracy when aiming for the target. Tennis balls used for
throwing were official size (58.4 g, 6.54 cm diameter; Dunlop), while soccer balls used for
kicking were size 5, weighing 400 g (Select brand).

2.5. Instruments and Measurements

The maximum speed of each repetition was measured simultaneously using two radar
guns: a Bushnell speed radar (Model 101911, Bushnell, Cologne, Germany, accuracy:
£2.0 km/h) and a Stalker radar (Model ATS II, Plano, TX, USA, accuracy: £3% of reading).
The Stalker radar, with a sampling frequency of 33 Hz, served as the reference criterion [11].
It was mounted on a tripod at a height of 1.20 m for both the soccer ball kicking and
tennis ball throwing sessions. The space around the radars was restricted to the participant
performing the task. Since the Bushnell radar was not designed to be mounted on a tripod,
it was manually held by the same examiner, who had 3 years of experience with radar
devices, during data collection. Both radar guns were positioned side by side, with less
than 1 cm between them, as shown in Figure 1. The orientation of the Bushnell radar to
the Stalker radar was alternated between the left and right sides for each participant. This
approach ensured that the positioning did not introduce bias into the results. All batteries
were fully charged and checked before use. After each trial, a researcher recorded the ball’s
peak speed (in kilometers per hour, km/h) in an Excel sheet.
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Figure 1. Illustration of radar guns positioned by the setup.

2.6. Statistical Procedures

The normality and homogeneity of the data (comprising 320 throws and 320 kicks)
were assessed using the Shapiro-Wilk and Levene’s tests, respectively. The results indicated
that both assumptions were met (p > 0.05). To evaluate error magnitude, the coefficient
of variation (expressed as a percentage), standard error of estimate, and maximum er-
ror of estimate were calculated. Agreement between the radar guns was analyzed using
Bland-Altman plots, which included 95% confidence intervals. The intraclass correlation
coefficient (ICC) for absolute agreement (multiple raters/measurements model) and its
95% confidence interval (CI) were computed. The ICC values were interpreted as follows:
values below 0.5 indicate poor reliability, values from 0.5 to 0.75 indicate moderate reliabil-
ity, values from 0.75 to 0.9 indicate good reliability and values above 0.9 indicate excellent
reliability [22]. The ICC was based on the five measurements taken for each trial type
(throwing and kicking) for each participant. A paired t-test was used to identify any signifi-
cant differences in performance between the radar guns, with Cohen’s d calculated as the
effect size measure. Cohen’s d was determined using the sample standard deviation of the
mean difference, adjusted for the correlation between measures. Effect sizes were classified
following Cohen’s guidelines [23]: 0.0-0.2 as trivial, 0.41-1.14 as the recommended mini-
mum, 1.15-2.69 as moderate, and >2.70 as strong. All statistical analyses were performed
in SPSS software (version 28.0.0.0, IBM, Chicago, IL, USA), with significance set at p < 0.05.

3. Results

Figure 2 presents the Bland—Altman plots for throw speeds measured by the Stalker
and Bushnell radar guns. Across the 320 valid throws, the mean speed recorded by the
Bushnell radar was 63.43 + 14.6 km/h, while the Stalker radar recorded a mean speed
of 64.82 £ 14.93 km/h. The mean difference in throw speeds between the two devices
was 1.39 km/h (95% CI: 1.20, 1.59). The upper limit of agreement, calculated as the mean
difference plus 1.96 times the standard deviation, was 4.80 km/h (95% CI: 4.47, 5.13), and
the lower limit of agreement was —2.02 km/h (95% CI: —2.35, —1.69). Additionally, the
scatter plot shown in Figure 2 displayed an R? value of 0.976, with the Pearson correlation
coefficient revealing a strong positive correlation of r = 0.988 (95% CI: 0.985, 0.990).

Figure 3 presents the Bland—Altman plots comparing the kick speeds measured by the
Stalker and Bushnell radar guns. For the 320 valid kicking trials, the mean speed recorded
by the Bushnell radar was 67.3 & 12.5 km/h, while the Stalker radar recorded a mean speed
of 68.6 + 12.8 km/h. The mean difference in kicking speeds was 1.38 km/h (95% CI: 1.20 to
1.56). The upper limit of agreement, calculated as the mean difference plus 1.96 times
the standard deviation, was 4.55 km/h (95% CI: 4.24 to 4.86), while the lower limit of
agreement, calculated similarly, was —1.79 km/h (95% CI: —2.10 to —1.49). The scatter
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plot, also shown in Figure 3, had an R? value of 0.947, and the Pearson product-moment
correlation test yielded a value of r = 0.973 (95% CI: 0.967 to 0.978).
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Figure 2. Bland-Altman plots, scatter plots, and raincloud plots show the relationship between Bush-
nell and Stalker radar guns concerning ball speed in throwing. (a): Bland-Altman plots; (b): scatter
plots; (c): raincloud plot.
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Figure 3. Bland-Altman plots, scatter plots, and raincloud plots show the relationship between
Bushnell and Stalker radar guns concerning ball speed in kicking: (a) Bland—Altman plots; (b) scatter
plots; (¢) raincloud plot.
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Table 1 presents the results of the concurrent validity analyses for both throwing and
kicking movements. The agreement, assessed through intraclass correlation coefficients
(ICCs), demonstrates excellent consistency for both throwing ball speed (ICC: 0.989 [95% CI:
0.986 to 0.991]) and kicking ball speed (ICC: 0.986 [95% CI: 0.983 to 0.989]). The analysis of
variance (ANOVA) revealed significant differences for both throwing (p < 0.001; d = 0.799)
and kicking (p < 0.001; d = 0.851), with a percentage difference of 2.17% in throwing and
1.91% in kicking. The standard error of estimate (SEE) was calculated to evaluate the
average magnitude of error between the Stalker and Bushnell radar guns for both throwing
and kicking measurements. The SEE values were 0.194 km/h for throwing and 0.357 km/h
for kicking.

Table 1. Concurrent validity of the Bushnell and Stalker radar for the ball speed in throw and kick.

Stalker vs. Bushnell Stalker vs. Bushnell
(Throw) (Kick)
Magnitude of error
SEE (km/h) 0.194 0.357
CV (%) 1.252 1.179
MEE (km/h) 0.380 0.700
Absolute Agreement
ICC 0.989 0.986
ICC (95%CI lower) 0.986 0.983
ICC (95%CI upper) 0.991 0.989
Analysis of variance
t 14.293 15.227
p-value <0.001 <0.001
Cohen’s d 0.799 0.851
Cohen’s d (95%CI lower) 0.673 0.979
Cohen’s d (95%CI upper) 0.924 0.723

CI: confidence interval; ICC: intraclass correlation test; SEE: standard error estimate; CV: coefficient of variation;
MEE: maximum error of estimate.

4. Discussion

The findings of the current research indicate an excellent correlation between the
Stalker device (reference criterion) and the Bushnell radar, with an ICC of 0.989 for throwing
the ball and 0.986 for kicking the ball. Additionally, a magnitude of error was observed,
with the SEE ranging from 0.194 to 0.357 and a CV of 1.252% and 1.179% for throwing
and kicking, respectively. Despite this, the maximum error of the estimate was 0.380 for
throwing and 0.700 for kicking. Furthermore, the mean difference in kicking speeds was
1.38 km/h (95% CI: 1.20; 1.56), and in throwing speeds, it was 1.39 km/h (95% CI: 1.20;
1.59). However, the Bushnell radar reported lower ball speeds for both throws and kicks,
with differences that are both statistically significant and of practical importance. Despite
this discrepancy, the strong correlation between the two devices suggests that either can be
used by practitioners as long as normative values are adjusted accordingly.

Our results are consistent with a previous study [11] that reported good agreement
(ICC > 0.98, r > 0.98) and very low error magnitude (SDC < 7.70 km-h™1, CV < 2.23%)
when comparing the Stalker radar with the Pocket radar. The strong correlation between
different radar devices reinforces the reliability of using lower-cost alternatives, such as the
Pocket radar, for accurate speed measurements in various sports settings. The findings from
previous research demonstrate the potential for these more affordable devices to provide
data comparable to that of the high-end Stalker radar, thereby making advanced perfor-
mance analysis more accessible to a broader range of users [11]. The findings of the present
study also align with another study [17] that compared the Pocket radar and Speedtrack X
radar, which reported a high correlation between the data obtained from the two devices
(r =0.932, p < 0.001). The ICC of the measurements of the data obtained from the two
devices was high (r = 0.964, p < 0.001). These findings highlight the consistent performance
of various radar guns across different brands and models, suggesting that technological
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advancements in radar devices have reached a point where even budget-friendly options
can yield reliable and accurate results. Moreover, the consistency across these studies, in-
cluding our own, suggests that the variations in measurement between different radar guns
are minor and likely within an acceptable range for most practical applications in sports
science. For instance, this close agreement across radar models makes them viable tools for
use in player development settings, where performance monitoring is essential for tracking
progress and informing training adjustments. Coaches can confidently use Bushnell radar
devices to evaluate speed improvements, as long as they adjust for the 1.4 km/h difference
if precise speed thresholds are important for setting or evaluating performance targets.
This consistency is crucial for practitioners who may need to interchangeably use different
radar guns depending on availability, cost, or specific application needs.

Our results also offer a reassuring finding by indicating that the mean difference
between devices is approximately 1.4 km/h for both throwing and kicking. This relatively
small difference is significant, as it highlights the close correlation between the Bushnell
and Stalker radar guns, suggesting that the Bushnell radar is a reliable tool for measuring
ball speed with minimal deviation from the reference standard. This difference is smaller
than the 3 km/h mean difference observed in comparisons between the Pocket radar
and Speedtrack X radar [17], as well as the bias of 2.26 to 3.19 km/h found in the study
comparing the Stalker with the Pocket radar [11]. However, the Bland—Altman analysis in
the present study revealed that the limits of agreement between the Stalker and Bushnell
radar guns were 4.80 km/h and —2.02 km/h for the ball speed throw. This variability
represents approximately 7.5% and 3.2% of the mean speeds, which, while significant,
is not unexpected in the context of radar measurements [24]. Users need to understand
that such differences may have practical implications depending on the sensitivity of the
application. For instance, rehabilitation practitioners could use this device to track recovery
progress in throwing or kicking mechanics, using the Bushnell radar to monitor speed gains
while accounting for this minor bias. In these settings, the radar’s lower cost and portable
nature may outweigh the need for extreme precision, offering therapists a convenient way
to assess patient readiness for sport re-entry or workload increases based on movement
velocity trends.

While our research focused on a narrow range of ball velocities (29-102 km/h), rep-
resenting only part of the velocity range that the tested guns are capable of measuring
(up to 177 km/h), no adverse effect on the agreement between the two radars was ob-
served. This finding is particularly important because it suggests that the high level of
agreement between the devices is likely to hold across a broader range of speeds, al-
though further research is needed to confirm this across the entire operational range of
the devices. The narrow focus on this specific velocity range was intentional, as it aligns
with the typical speeds observed in many sports activities such as soccer, baseball, and
cricket [24]. However, extending the analysis to include higher velocities, such as those
seen in elite-level tennis serves, would provide more comprehensive insights regarding
the performance of these devices under different conditions. Future studies would benefit
from exploring the consistency of these devices across a wider range of speeds, particularly
in high-velocity applications, such as elite tennis or baseball, where ball speeds frequently
exceed 100 km/h [16]. Assessing radar accuracy at much higher speeds would provide a
greater understanding concerning the devices’ reliability across their full operational range,
improving their generalizability to diverse sports settings. Moreover, in youth coaching
contexts or community sports programs, where resources are often limited, the Bushnell
radar’s affordability and ease of use make it an attractive option. By adjusting speed mea-
surements by the approximate 1.4 km/h difference, practitioners can confidently use this
device to offer feedback and set developmental goals for young athletes. Such applications
highlight the practical benefits of using budget-friendly technology in broadening access to
reliable performance monitoring, enhancing the ability to support athlete development,
and making advanced feedback tools more accessible across various levels of sport.
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Naturally, conditions related to the reference criterion and device placement may have
resulted in minor variations in the outcomes. Still, these variations had no meaningful
impact on the overall agreement of the devices. For instance, factors such as the angle of
the radar gun relative to the trajectory of the ball, environmental conditions like indoor
lighting or wind, and the precision of timing during the recording process could introduce
small discrepancies in speed measurements [24,25]. However, the consistency of our results
suggests that these factors were well-controlled in our study, minimizing their potential
influence. This robustness is crucial for practical applications, where precise conditions
cannot always be guaranteed yet reliable data are still required. Furthermore, the close
agreement between devices in our study suggests that the Bushnell radar gun could be
effectively utilized in various real-world settings, including outdoor environments, where
conditions might differ from those in a controlled laboratory. This versatility improves
the Bushnell radar’s applicability, making it a valuable tool not just for researchers but
also for coaches and athletes who need reliable speed measurements in diverse contexts.
Overall, our findings contribute to a growing body of evidence supporting the use of more
accessible radar technology in sports science, providing a foundation for future research to
explore its full range of capabilities and applications.

While the present study demonstrates promising agreement between the Stalker
device and the Bushnell radar in measuring throwing and kicking speeds, it is important
to acknowledge some limitations that may impact the interpretation and generalizability
of our findings. Firstly, our research focused on a specific range of ball velocities, which
may not fully represent the entire spectrum that the tested guns can measure, potentially
limiting the applicability of our results to other contexts, such as sports with higher velocity
demands like tennis serves or baseball pitches. While relevant to many sports, the relatively
narrow velocity range of 29-102 km /h does not encompass the full operational capabilities
of these radar devices, which can measure speeds up to 177 km/h. In comparison, top
velocities in actual gameplay, such as elite tennis serves, can reach speeds exceeding
200 km/h, far beyond the upper limit observed in this study [26].

The performance of the Bushnell radar in capturing extremely high or low veloci-
ties remains to be fully explored, and future studies should seek to address this gap by
evaluating the devices across a broader range of speeds. Additionally, this study was
conducted in a controlled laboratory environment, which may not fully reflect real-world
conditions. In outdoor scenarios, environmental factors such as wind speed, temperature,
humidity, and direction could impact the radar guns’ performance and the accuracy of
their measurements. For example, wind can alter a ball’s trajectory and velocity, potentially
affecting radar readings if the devices are not carefully calibrated and positioned to account
for these influences. Temperature and humidity variations may also affect the performance
of electronic devices, potentially introducing subtle measurement inconsistencies. Future
studies should investigate radar accuracy in these real-world conditions to assess the de-
vices’ robustness and reliability in less controlled environments. Moreover, our study did
not examine the potential effects of variations in radar positioning, such as differences
in the angles, heights, or distances of the devices relative to the ball trajectory. Testing
the radar guns from different perspectives could help simulate various sports scenarios,
where measuring equipment might be positioned differently due to space constraints or
the nature of the sport itself. The accuracy of radar readings may be affected by these
factors, as different angles and heights can introduce measurement errors by altering the de-
vice’s perception of the object’s velocity vector. Future studies should consider conducting
measurements from multiple perspectives to better understand how positioning impacts
radar accuracy, thereby enhancing the ecological validity of radar-based assessments in
sports settings.

Furthermore, studies could explore the performance of the Bushnell radar in outdoor
environments, across different sports, and with varied participant, demographics to better
understand how factors such as age, skill level, and physical condition might influence the
accuracy of radar measurements [27]. It would also be valuable to investigate how specific
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technical factors, such as player technique, equipment variations, and field conditions, may
impact radar accuracy. Future research could also benefit from comparing radar guns with
alternative technologies, such as high-speed cameras or motion-capture systems, to assess
measurement consistency across various devices and expand our understanding of their
relative strengths and limitations in sports performance analysis. Variations in technique,
like release angles or follow-through in throwing or kicking, could influence radar perfor-
mance by changing the ball’s path or velocity profile. Equipment differences, including
the type and condition of the ball or surface used, may also introduce variability, as certain
materials or surfaces may interact differently with the radar’s detection capabilities [28].
An additional consideration is the manual handling of the Bushnell radar, as one device
was handheld during testing. This setup may introduce minor variability due to slight posi-
tional shifts or operator stability, potentially affecting the consistency of the measurements.
Future studies should consider alternative mounting solutions to reduce these potential
sources of variability. Understanding these factors is essential for developing standardized
protocols that ensure consistent and accurate measurements across different sports and
settings, ultimately improving the reliability and validity of radar-based speed assessments
in sports performance.

5. Conclusions

The findings of this study show that both the Stalker and Bushnell radars exhibit
excellent levels of correlation. However, it is important to acknowledge that the Bushnell
radar consistently underestimates ball speeds by approximately 1.4 km/h compared to
the Stalker system. This difference is not trivial, given the relatively high Cohen’s d,
which indicates that the discrepancy is relevant. Despite this, the high correlation between
the devices suggests that both radars can be used effectively for practical training and
scientific research.
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