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Abstract

The 20-metre Multistage Fitness Test (20-m MSFT) is commonly used to measure aerobic capacity in police trainees as
an entry gateway or exit requirement. However, its test-retest reliability, or consistency of scores for individual
candidates across successive days, has not been determined. The aim of this study was to evaluate the test-retest
reliability of the 20-m MSFT in police trainees. Retrospective data for 13 police trainees who completed the 20-m MSFT
on two occasions 48 hours apart (Trial 1 and Trial 2) were provided. Paired sample t-tests were used to detect
differences between individual performances with intraclass correlation coefficients (ICC) investigating the test-retest
reliability. A Bland Altman plot was created to inspect the limits of agreement between the two measures. Alpha levels
were set at 0.05 whereby a p value of >0.05 indicated no significant difference in mean scores between the two trials.
No significant differences (p=0.821) between the mean total numbers of shuttles completed in Trials 1 (mean =
70.4+19.7 shuttles; Level 8-9) and 2 (mean = 69.8 +21.3 shuttles; Level 8-9) were found. Six trainees achieved higher
total shuttle scores for Trial 1 (+8.0 +3.2 shuttles) while seven trainees achieved higher total shuttle scores for Trial 2
(+5.9% 5.1 shuttles). Test-retest reliability across trials was ‘excellent’ (ICC(3,1)=0.922 [95%CI 0.766-0.976], mean
difference between scores = 0.55+8.37 shuttles). While the 20-m MSFT has excellent test-retest reliability the small
amount of variability in results suggests that retesting of candidates who fail to meet any discriminatory standard by a
small margin should be considered.
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Introduction

Aerobic fitness is an important physical attribute for police trainees when completing their training academy
(Lockie et al., 2019; Orr et al., 2020; Shusko et al., 2017; Tomes et al., 2020). Consequently, aerobic fitness
assessments are often conducted during initial applicant screening and selection or during ab initio training
(Lockie et al., 2019; Orr et al., 2020; Orr et al., 2022; Shusko et al., 2017; Tomes et al., 2020; Zulfigar et al.,
2021). During these assessments minimum requirements or ‘cut scores’ may be used to determine an
applicant’s suitability to train and potential to successfully perform the job tasks required of police officers. If
aerobic fitness measures are to be used for hiring and retention purposes, it is important to understand
whether scores on those measures are consistent between trials. In other words, how likely is it that the
candidate would obtain a similar score if testing was conducted on another day relatively close to the time at
which the initial test was performed (i.e., test-retest reliability). Test-retest reliability is of great importance
given that potential variation could lead to candidate inclusion or exclusion or trainee pass or failwhen on any
other occasion the outcome may have been reversed.

Numerous factors may impact the results of physical fithess testing. Hopkins (2000) identified biological
variability,and mental (e.g., effort, motivation) and physical (e.g., fatigue) state, as the main sources of within-
subject deviations influencing test reliability. Furthermore, weather conditions (e.g., temperature, wind,
humidity) (Sproule et al., 1993), environment (e.g., testing surface, noise, other people, etc.,) (Cooper et al.,
2005), and hydration status (Lamb & Rogers, 2007) are all factors generally acknowledged to impact aerobic
fitness testing results. Most notably for trainees undergoing ab initio training, insufficient recovery from daily
stressors and training activities must be considered (Orr et al., 2016), as this has been shown to have a
deleterious impact on performance (French & Ronda, 2021).

The 20-metre Multistage Fitness Test (20-m MSFT) is commonly used to assess aerobic fitness within law
enforcement populations (Dawes et al., 2019; Lockie et al., 2021; Lockie et al., 2020; Orr et al., 2022; Zulfigar
et al., 2021). Considering this, broader research suggests that the test-retest reliability of the 20-m MSFT is
generally ‘high’ to ‘excellent’, with reliability coefficients of between 0.87 and 0.98 (Aandstad et al., 2011;
Knapik et al., 2004). However, these studies were conducted in military personnel, with no known similar
study conducted among law enforcement personnel. This contextualization to the specific population is of
importance given the myriad of factors discussed above that could influence assessment results. As such,
the aim of this study was to investigate test-retest reliability of the 20-m MSFT in a population of police
trainees.

Methods

Experimental approach to the problem

Retrospective data for 13 police trainees were provided by a state police agency. This data included trainee
age and 20-m MSFT scores completed on two occasions, 48 hours apart (Trial 1 and Trial 2). All data were
collected between 15:00-16:30 on the 28th and 30th November 2022, with each assessment preceded by a
self-paced warm up. By ensuring the assessments were conducted at the same time of day, diurnal variations
were mitigated. The processes put into place addressed concerns raised by French and Ronda (2021), with
limited recovery between tests, lack of warm up protocols and diurnal variations being factors known to
impact performance.

Participants

Datafor 17 trainees who completed Trial 1 were provided. However, four (n=4) trainees were unable to attend
Trial 2, due to either being on duty (n=3) orill (n=1), leaving data for 13 trainees (males n=7; mean age = 29.6
=5, 1years; females n =6, mean age = 27.7 + 5.0 years) available for evaluation. The Bond University Human
Research Ethics Committee granted ethics approval for this study (BUHREC, Research Protocol BS02086),
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with approval for public release of this report provided by the state police agency within which this research
took place.

Measurements and Procedures

Prior to attempting the 20-m MSFT, all trainees were briefed by a police Physical Education Officer (PEO) to
identify any trainees who might be at risk of suffering from adverse events during exercise. Trainees were given
48 hours between assessments. While police academy training could not be ceased in order to mitigate
fatigue, the trainees did not conduct another physical assessment in the intervening period. All activities were
conducted outdoors (mean temperature = 19.2 + 1.8 (range = 18.0-21.2) °C, mean humidity = 67.2 = 8.1
(range = 57.8-78.4)%, mean wind speed= 7.5 = 1.1 (range = 6.0-8.6) km/h. Following the safety briefing,
trainees were given approximately 10 minutes to warm up and were instructed to include at least five 20-m
shuttle runs.

The 20-m MSFT protocols are described in the literature (Dawes et al., 2019; Lockie et al., 2021; Lockie et al.,
2020), but for ease will be briefly described here. The 20-m MSFT, also termed the ‘progressive shuttle run
test’, ‘beep test’, or ‘bleep test’, has participants run back and forth between two lines spaced 20 meters apart.
The speed of running starts at 8.5km/h and increases by 0.5km/h every level, with each level lasting
approximately one minute (Dawes et al.,2017). The running speed was standardized by pre-recorded auditory
cues (i.e., beeps), played on a handheld iPhone device (Apple Inc., Cupertino, California) connected via
Bluetooth to a portable speaker (Ultimate Ears, UE Boom 3, California, US), with participants required to
reach the opposing line by the next beep (Dawes et al., 2017). The test was terminated when: a) the PEO
informed the trainee that they had failed to reach the lines three timesin arow in accordance with the auditory
cues, or b) the trainee voluntarily withdrew. The assessment was scored by the police PEO as is common in
this police agency. Final scores were presented as level and shuttle (e.g., Level 7 — Shuttle 5, or ‘Level 7-5’)
before being converted to total number of shuttles for the analysis.

Statistical analyses

Datawere provided digitally in a Microsoft Excel spreadsheet and prior to analysis were examined for accuracy
and cleaned for any errors, with improbable (e.g., Level 1-13 as opposed to Level 11-3) or hard to read results
clarified and corrected. Data were then imported into JASP (JASP Team 2023; Version 0.16.4) for analysis.
Given that Hopkins (2000) suggests a change in mean scores between trials can be used as a measure of
reliability, paired sample t-tests were performed, comparing scores from the two trials. Alpha level was set at
0.05, whereby a p value of >0.05 indicated no significant difference in mean scores between the two trials.
Cohen’s d was used to assess the effect size indicated by the difference between the two related cohort
means (Cohen, 2013), i.e. the standardized mean difference. Interpretation of the effect size (ES) followed
the guidelines proposed by Hopkins (2009), whereby ES was considered very small (0.00-0.19), small (0.20-
0.59), moderate (0.60-1.19), large (1.20-1.99), very large (2.00-3.99), or extremely large (=4.00). Raincloud
plots were created for visualization of trainee and mean data as well as data distribution using JASP (JASP
Team 2023; Version 0.16.4) statistical software. Anintraclass correlation coefficient (ICC) was calculated to
investigate the test-retest reliability, as previously used in the literature (Aandstad et al., 2011; Cuenca-Garcia
etal., 2022). Using JASP (JASP Team 2023; Version 0.16.4), a two-way mixed model was selected. The type of
ICC was set to absolute agreement between results from the repeated testing, using single test
measurements in each testing episode. The 95% confidence interval (95% CI) was also reported for the ICC.
Interpretation of the level of agreement indicated by the ICC was as follows: <0.50, poor; between 0.50 and
0.75, fair, between 0.75 and 0.90 good; above 0.90, excellent (Koo & Li, 2016). A Bland Altman plot was
created to inspect the limits of agreement between the two measures (Bland & Altman, 1999). Limits of
agreement were calculated as mean difference + 1.96 standard deviation.
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Results

There was no significant difference (1(1,12)=0.232, p=0.821, ES=0.064) between total numbers of shuttles
completedinTrial 1 (mean =70.4 = 19.7 shuttles; Level 8-9) and Trial 2 (mean = 69.8 + 21.3 shuttles; Level 8-
9). Six of the 13 trainees achieved a higher total shuttle score for Trial 1, completing on average 8.0 (+3.2)
shuttles lessin Trial 2. The other seven trainees achieved a higher total shuttle score for Trial 2, completing on
average 5.9 (+ 5.1) shuttles more thanin Trial 1. Trainee and mean data are shown in Figure 1.
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Figure 1. Depictions of individual trainee performance levels (scatter plot) and mean performance levels (box plots) as
well as data distributionvia a raincloud plot. Green markers denote Trial 1 results and orange markers, Trial 2. These plots
show that the total shuttles performed in Trial 1 were similar to Trial 2.

Test-retest reliability of the 20-m MSFT for trial 1 and 2 was ‘excellent’, with an ICC(3,1)=0.922 [95%CI 0.766-
0.976]. The mean difference in scores between trials was 0.55 [95%Cl -4.52 t0 5.60; SD 8.37] shuttles (Figure
2). The upper limit of agreement (LoA) was 16.95[95%CI 8.19 to 25.71] shuttles and the lower LoA was -15.87
[95%CI -24.64 to -7.11] shuttles, with these LoA indicative of the ‘typical error’in scores.
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Figure 2. Bland-Altman plot indicating limits of agreement between the two trials. Figure shows 95% confidence intervals
for mean (purple shaded area) and limits of agreement (upper in green and lower in orange shaded area).
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Discussion

The aim of this study was to investigate the test-retest reliability of the 20-m MSFT in a population of police
trainees. The results of the study showed no statistically significant difference between mean scores from two
trials, indicating strong test-retest reliability. The ICC (reliability coefficient) of 0.922, which is considered to
indicate an ‘excellent’ level of agreement between paired scores at the two testing timepoints (Koo &Li, 2016),
supports such finding.

The test-retest reliability for the 20-m MSFT identified in the current study was consistent to the reliability
reported in the literature. Recent systematic review by Cuenca-Garcia et al. (2022), concluded that the 20-
m MSFT showed strong test re-test reliability, with seven out of nine high-quality studies reporting ICCs
between 0.93-0.96 and correlation coefficients between 0.85-0.96. Similar strong reliability of the 20-MSFT
was demonstrated in studies involving tactical populations. A US military report by Knapik et al (2004)
documented test-retest reliability coefficients ranging from 0.87 to 0.98, which were higher than those for the
1-mile (1.6 km) and 2-mile (3.2 km) run tests (0.82-0.92). Similarly, Aandstad et al.,(2011) described a
reliability coefficient of 0.95 for the 20-m MSFT in a study involving US soldiers.

While the mean difference in scores between trials was small (0.55 shuttles), the standard deviation of 8.4
shuttles indicate variability across trainees. This variability may be partly due to the small sample size or the
shortinterval between trials (48 hours). Similar studies assessing test-retest reliability of the 20-m MSFT have
reported intervals ranging from 2-4 days (Aandstad et al., 2011; Metsios et al., 2008) to 1-4 weeks (Cooper et
al., 2005; Kim et al., 2011; Lamb & Rogers, 2007; Sproule et al., 1993), yet consistently reporting high
reliability. In the present study, the LoAs, based on the SD, were approximately 16 shuttles. Despite the small
sample size, these results are comparable to studies with larger sample sizes: Lamb and Rogers (2007)
reported LoAs of 18 shuttles when assessing 35 university students, while Aandstad et al (2011) reported
LoAs of ~10 shuttles for 41 Home Guard soldiers.

Although the 20-m MSFT demonstrated high group-level reliability, individual differences were evident, with
six trainees performing better in Trial 1 and seven in Trial 2. Several factors may explain this variability.
Familiarization with the pacing and auditory cues of the MSFT can improve performance on a second attempt,
and prior studies have shown that one practice session is often sufficient to alter performance (Ramsbottom
et al., 1988; Stickland et al., 2003). Conversely, poorer performance in Trial 2 may have been due to residual
fatigue orincomplete recovery, as other studies have reported longer rest times between trials (Cooper et al.,
2005; Kim et al., 2011; Lamb & Rogers, 2007; Sproule et al., 1993). Motivation and psychological factors may
also have contributed to the variability observed as some trainees may have been more motivated during the
first attempt, whereas others may have been more driven in the second trial by the opportunity to surpass
their prior score (Neto et al., 2015) . Finally, mental stress has been shown to impair endurance performance
by increasing perceived exertion and reducing pacing efficiency (Van Cutsem et al., 2017) , which could have
contributed to lower shuttle scores in some individuals. Collectively, these findings highlight that while the
20-m MSFT is reliable at the group level, substantial within-subject variability may occur, and may be more
prominent in studies with small sample size.

Several limitations of the present study should be acknowledged. First, the small sample size may have
contributed to the wide 95% confidence interval (0.766-0.975) and amplified the influence of individual
performance variability, as reflected by the standard deviation of 8.4 shuttles. Second, police academy
training could not be suspended during the study period, meaning trainees were exposed to occupational
stressors and cognitively demanding training activities (i.e., not physical), which are known to negatively
affect 20-m MSFT performance and recovery (Macmahon et al., 2019; Slimani et al., 2018). Finally, although
factors such as diurnal variation, physical fatigue, and rater consistency were controlled, these external
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stressors may have introduced additional variability in participants’ physical and mental states between
trials.

Conclusion

The findings of this study suggest that while there will be some variability in performance given a variety of
individual factors (e.g., fatigue, etc.), the 20-m MSFT has excellent test-retest reliability. However, there were
some small variations in scores and the associated between-trial variation could have implications for
gateway testing. Thus, if the 20-m MSFT was to be used as a decision-making tool for training entry or
completion, retesting of candidates or trainees who fail to meet any discriminatory standard by a small
number of shuttles could be considered, with repeat testing within a few days feasible as the candidate or
trainee could have the capacity to pass the standard on a different day.

Practical Implications

The test-retest reliability of the 20-m MSFT across two trials spaced 48 hours apart was ‘excellent’, with LoAs
of approximately £16 shuttles. The findings of this study demonstrate that the 20-m MSFT is generally test-
retest reliable in this population. However, given there was some variability in individual results, re-testing of
candidates who fail to meet any discriminatory standard by a small margin can be considered within a short
timeframe (e.g., 48 hours), if allowed full rest, to ensure application of test results in decision-making is fair.

Acknowledgements: The authors acknowledge no conflicts of interest. This study was funded by the New Zealand Police
Force and the authors would like to thank and acknowledge those personnel who volunteered to take partin this study.
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