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Abstract: The assessment of aerobic capacity is a fundamental element of functional diagnostics in sports science
and practice. The maximal oxygen uptake (VO.max) is considered the “gold standard” for evaluating
cardiorespiratory fitness, but laboratory-based measurements are costly, require specialized equipment, and are not
always feasible in large groups of athletes. To address this limitation, field-based protocols such as the 20-meter
multistage shuttle run test (commonly known as the Beep test) have been developed and widely applied. The aim of
the present review is to summarize the historical development, predictive equations, validity, reliability, and
adaptations of the Beep test, and to highlight its application in contemporary sports practice. A literature review was
conducted including both classical publications and recent validation studies. The analysis shows that the Beep test
is valid and reliable for large-scale group screening and monitoring, particularly in student and endurance athlete
populations, but results may vary depending on the sport and the predictive formula applied. In basketball and
rowing, systematic under- or overestimation of VO.max has been reported, while in female team sports only
selected predictive equations provide accurate results. Modified protocols, such as 10-meter versions and child-
specific adaptations, expand the usability of the test, and recent work demonstrates that even different sound signals
can influence performance and enjoyment. The review concludes that the Beep test remains a practical and cost-
effective tool for assessing aerobic fitness; however, practitioners should interpret results with caution and in
relation to sport specificity. For precise individual diagnostics and training prescription, it is recommended to
combine the Beep test with portable gas analysis systems, which provide direct measurement of gas exchange. This
combined approach is particularly relevant for intermittent sports and combat disciplines such as taeckwondo, where
the accuracy of physiological assessment is essential. Furthermore, the review emphasizes that the Beep test holds
value not only in elite sport, but also in physical education, clinical exercise settings, and population health
monitoring, where quick and inexpensive assessment of aerobic fitness is required. By consolidating evidence from
different populations and protocols, the present analysis provides guidance for coaches, physiotherapists, and sports
physicians on how to apply and interpret the Beep test effectively in both research and practice. Future research
should focus on refining predictive equations for specific sports and age groups, as well as exploring digital and
sensor-based integrations that may further enhance the precision and usability of the Beep test in modern sports
diagnostics.
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1. INTRODUCTION

The assessment of aerobic endurance is an essential component of functional diagnostics in athletes and physically
active individuals. Maximal oxygen uptake (VO:max) is considered the “gold standard” for determining
cardiorespiratory capacity; however, its laboratory measurement is expensive, requires specialized equipment, and is
difficult to apply to large groups. This has led to the development of field tests that are simpler, less costly, and more
practical in sports settings.

In 1980, Léger and Boucher introduced the concept of a continuous, progressive, multistage running test (Université
de Montréal Track Test), demonstrating its validity and reliability. Earlier physiological studies had indicated that
the energy cost of running could vary depending on the surface (Margaria et al., 1963), as well as age, sex, and
training status of the individuals (Bransford & Howley, 1977). Nevertheless, when validating the 20-meter
multistage shuttle run test, Léger and Lambert (1982) showed that results were reliable regardless of sex and running
surface. The concept was further refined and standardized into the 20-meter shuttle run test (MSFT, commonly
known as the Beep test) (Léger, Mercier, Gadoury, & Lambert, 1988), which quickly gained popularity in sports,
schools, and military practice as an indirect predictor of VO.max. Contemporary studies and meta-analyses continue
to confirm its wide application and scientific relevance (Mayorga-Vega, Aguilar-Soto, & Viciana, 2015).

The Beep test is characterized by its simplicity, the possibility of testing large groups simultaneously, and minimal
financial costs. It is widely applied for assessing physical fitness in sports clubs, national teams, and educational
practice.
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The aim of the present review is to present the origin of the Beep test, to systematize available evidence regarding its
validity and reliability, and to analyze the possibilities and limitations of its application in contemporary sports
practice./

2. MATERIALS AND METHODS
The present article is a narrative literature review focusing on the origin, validity, and application of the 20-meter
multistage shuttle run test (Beep test). A targeted approach was used to identify and select publications related to the
development, validation, and practical use of the test.
The search was conducted in electronic databases including PubMed, Scopus, and Web of Science. The following
keywords were applied: “20-m shuttle run test,” “beep test,” “multistage fitness test,” “VO.max prediction,” and
“validity reliability.” In addition, references cited in classical publications were screened to capture relevant studies
not retrieved in the initial search.
Inclusion criteria were defined as follows:

o Classical publications describing the creation and standardization of the test.

e  Validation studies comparing the Beep test with direct laboratory measurements of VO2max.

e Contemporary research and meta-analyses (last 5-10 years) reflecting the application and limitations of the

test in different populations (children, athletes, females, and males).

e  Peer-reviewed articles published in English.
A total of 19 primary sources were analyzed, of which seven were published after 2015 to ensure contemporary
relevance.

3. RESULTS

Predictive equations

Over the years, several equations have been developed to predict VOmax from Beep test performance, based on the
last completed stage or the maximal running speed. The original formula by Léger et al. (1988) was derived from
data on children and adolescents. Later, Chatterjee et al. (2008) proposed an equation for female university students
in India, while Ramsbottom et al. (1988) validated their formula in British military personnel. Flouris et al. (2005)
suggested a modification aiming to improve accuracy in adult men. More recently, Magee et al. (2021) compared
several of these predictive models in NCAA Division | female field hockey players and reported differences in
predictive value.

Validity and reliability

A meta-analysis by Mayorga-Vega, Aguilar-Soto, and Viciana (2015), including more than 100 studies,
demonstrated a high correlation between the Beep test and directly measured VOmax (r = 0.66-0.95) with a
standard error of 3-6 ml-kg™'-min~'. In NCAA female field hockey players (n = 65), Magee et al. (2021) found a
directly measured VO2max of 46.4 + 4.6 ml-kg™!'min"!. Among the predictive equations tested, the closest values
were obtained with Ramsbottom et al. (46.5 £ 4.2 ml-kg'-min") and Flouris et al. (46.3 = 3.8 ml-kg™''min™"). In
students and runners, Paradisis et al. (2014) reported a strong correlation (r = 0.93) between Beep test-derived
VO:max and direct measurements, with a mean value of 52.3 + 6.2 ml-kg'-min". In young basketball players,
Stojanovic et al. (2016) compared Beep test results with a portable metabolic analyzer (COSMED K4b2) and
observed lower values, with a mean difference of —6.54 ml-kg™'-min™'. In rowers, Senanayake et al. (2024) reported
overestimation of VO.max, with a mean difference of +3.2 ml-kg™'-min'. In soccer players, Aziz et al. (2005)
compared the Beep test with the Yo-Yo intermittent recovery test and found lower accuracy for the Beep test (SEE ~
5 ml'kgt'min™). In squash athletes and runners, St. Clair-Gibson et al. (1998) observed differences between
measured and predicted VO:max values (63.4 = 6.1 ml-kg!'min! in squash vs. 69.6 + 4.2 ml-kg''min™! in
runners).

Protocol adaptations

To facilitate broader use in various contexts, several modifications of the Beep test have been introduced. As early
as 1982, Léger and Lambert proposed a version with one-minute stages for easier application in children and
schools. In situations with limited space, 15-meter or 10-meter variants have been used. A study by Cho, Park, and
Nam (2022) validated a 10-meter version of the test, reporting strong correlations with VO:max (men: r = 0.816;
women: r = 0.821; SEE ~ 4-4.5 ml-kg™'-min'). More recently, the Modified Shuttle Test — Paeds, using a 10-meter
track, was developed for children with reduced exercise capacity or health problems, while maintaining the principle
of progressive stages guided by sound signals (Aertssen et al., 2024). This version enables reliable assessment of
cardiorespiratory fitness in clinical and school settings where the standard 20-meter protocol is not feasible.
Contemporary research has also demonstrated that not only track length but also the type of sound stimulus can
affect test outcomes. Ketelhut (2025) reported that using customized sound signals during the 20-meter shuttle run
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test increased total distance covered, peak heart rate, and perceived enjoyment compared to the traditional “beep”
sound.

Collectively, these findings confirmed that the Beep test is a valuable tool for assessing cardiorespiratory fitness, but
its accuracy is highly dependent on the tested population, the sport, and the predictive formula applied. This
emphasizes the need for careful interpretation and, when possible, combination with direct methods such as portable
gas analysis systems.

4. DISCUSSIONS

The Beep test has been established as one of the most widely applied field methods for assessing cardiorespiratory
endurance, owing to its simplicity, low cost, and suitability for testing large groups (Léger et al., 1988).
Nevertheless, the present review indicates that its validity is not universal but depends strongly on the characteristics
of the tested population and the predictive equations applied.

Studies in student populations and endurance runners have consistently confirmed high agreement with directly
measured VO:max, which supports the test’s usefulness in general fitness and endurance-oriented sports (Paradisis
et al., 2014). By contrast, in intermittent team sports such as field hockey, only a limited number of predictive
equations have produced accurate estimates, highlighting the necessity of careful equation selection (Magee et al.,
2021). Research in other disciplines further emphasizes the influence of sport-specific demands: in basketball,
systematic underestimation has been reported (Stojanovic et al., 2016), whereas in rowing a tendency toward
overestimation has been observed (Senanayake et al., 2024). Such findings confirm that the predictive accuracy of
the Beep test is shaped by sport-specific physiological and mechanical factors.

Comparisons with other intermittent field protocols, such as the Yo-Yo test, suggest that the Beep test is less sport-
specific for activities requiring frequent pace changes (Aziz et al., 2005). This is particularly relevant for combat
sports, where aerobic and anaerobic demands are combined within an intermittent structure. Indeed, investigations in
young taekwondo athletes have shown that the standard 20-meter protocol may not always correlate well with
directly measured VO2max (Chatterjee et al., 2006).

Protocol modifications—such as shortened 10-meter versions (Cho et al., 2022) or child-specific adaptations
(Aertssen et al., 2024)—have expanded the applicability of the test in restricted spaces and clinical or school
settings. However, these adaptations may compromise accuracy, reflecting the inherent trade-off between feasibility
and validity. Recent developments even indicate that motivational and perceptual aspects can influence test
outcomes: the use of customized sound signals has been shown to enhance performance and enjoyment compared
with traditional beeps (Ketelhut et al., 2025).

From a practical perspective, the Beep test remains a valuable tool for group-level screening and for monitoring
training progress over time. However, its individual accuracy is limited, and reliance on a single indirect method
may lead to misinterpretation in sports where intermittent demands dominate. For this reason, combining the Beep
test with direct gas analysis using portable systems such as COSMED K5 is recommended. This integrated approach
provides more precise physiological profiling and is particularly valuable in combat sports like taeckwondo, where
accurate determination of aerobic capacity is essential for training prescription and therapeutic modeling.

5. CONCLUSIONS

The Beep test is one of the most widely applied field methods for evaluating aerobic capacity. It is reliable for
group-level assessment and for monitoring training progress; however, its accuracy varies depending on the
population, sport, and predictive formula applied. For individual diagnostics and precise training prescription, it is
recommended that the Beep test be combined with direct gas analysis methods, such as the COSMED K5 system,
particularly in intermittent sports and combat disciplines.
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