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Abstract (word count: 170) 

This project compared the Cooper 3000-meter run test and the Maximal 

Aerobic Speed (MAS) test as methods for assessing aerobic capacity in 

youth elite bandy players. The study was conducted in collaboration with a 

Swedish NIU (National sport education) Bandygymnasium, involving 21 

male athletes. Both tests were analysed alongside countermovement jump 

(CMJ) performance and differentiated ratings of perceived exertion (RPE). 

A very strong correlation (r = 0.92) was found between MAS time (6.07 ± 

0.52 minutes) and Cooper test outcomes (12.38 ± 1.07 minutes), suggesting 

both assess similar fitness domains, although MAS was perceived as more 

sport-specific. CMJ correlations were weak, indicating that lower-body 

power and endurance are relatively independent traits in this population. 

MAS elicited slightly higher peripheral fatigue, while the Cooper Test 

induced more central exertion. The MAS test was considered more engaging 

and aligned with high-intensity interval training. Overall, the MAS protocol 

appears to be a feasible and effective alternative to the Cooper Test in this 

sporting context, offering both physiological relevance and practical utility 

for athlete monitoring and training design. 
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Scientific background (word count: 853) 
Assessing aerobic capacity is a fundamental component of performance 

testing in many sports, particularly those involving sustained or repeated 

high-intensity efforts (1). Traditional field tests, such as the Cooper Test 

developed by Kenneth H. Cooper in 1968, estimate maximal oxygen uptake 

(VO₂max) based on distance covered in a 12-minute run or the time required 

to complete a fixed distance (e.g., 3,000 meters) (2). The test displays a 

strong positive correlation with lab VO2max testing and has remained 

widely adopted in both amateur and professional settings due to its 

practicality, simplicity, and cost-efficiency (3). However, a continuous 

submaximal running test like the Cooper Test may not fully capture the 

aerobic–anaerobic interplay or the neuromuscular fatigue common in sports 

like competitive bandy, where both aerobic and anaerobic systems are 

frequently taxed during play (4). 

 

Although the Cooper Test shows strong correlations with laboratory 

measures of VO₂max in general populations its utility in team sports 

characterized by intermittent high-intensity efforts is limited due to 

differences in movement patterns, playing surfaces, and energy system 

demands (5). Bandy, a high-speed, endurance based, team sport played on 

ice which involves frequent accelerations, decelerations, and directional 

changes, which more closely resemble those of football or ice hockey than 

traditional endurance running (6). This further supports the view that the 

physical demands of bandy have evolved to more resemble those of hockey 

over recent decades (7). As such, a test that better reflects these sport-

specific demands is needed. 

 

An emerging alternative is the Maximal Aerobic Speed (MAS) test, which 

determines the lowest running velocity at which an athlete reaches VO₂max 

(8). MAS testing involves shorter efforts with pacing strategies that are 

more reflective of sport-specific movement, and it has become increasingly 

integrated into training load prescriptions, particularly for high-intensity 

interval training (HIIT) (8). Unlike the Cooper Test, MAS allows for 

individualized programming based on an athlete’s actual aerobic capacity, 

offering a more precise measure than the generalized estimate the Cooper 

Test provides (8). Furthermore, MAS can better predict performance in 

intermittent sports by considering both aerobic capacity and anaerobic 

contribution, which are both crucial in sports like bandy (8). 
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Recent studies have validated MAS for use in intermittent team sports, 

demonstrating stronger predictive power for in-game running performance 

and better alignment with match demands compared to steady-state tests (9). 

The application of MAS also allows for the use of anaerobic speed reserve 

(ASR) models, which combine sprint capacity and aerobic thresholds to 

offer a more comprehensive view of an athlete's physical performance (10). 

This holistic approach is especially relevant for a sport like bandy, where 

repeated high-intensity skating bouts are common. Integrating MAS testing 

with other performance measures provides a more accurate and sport-

specific evaluation of an athlete’s capabilities (11). 

 

In addition to aerobic capacity, lower-extremity strength is critical for both 

endurance and sprint performance (12). Powerful legs enhance running 

economy by reducing energy cost at submaximal intensities and improve 

acceleration and deceleration mechanics, which are important for sports like 

bandy that require rapid changes in direction and speed (13). Strength is also 

associated with better fatigue resistance, enabling athletes to sustain higher 

intensities for longer durations before performance declines (14). The 

countermovement jump (CMJ) is a commonly used measure of lower-body 

power and has been shown to predict both endurance and sprint capacities 

(15). Examining the relationship between CMJ performance and outcomes 

on tests like the Cooper and MAS could help identify how muscular power 

influences aerobic performance assessments, adding further context to sport-

specific fitness testing. 

 

Perceived exertion, typically measured via the Borg “Rating of perceived 

exertion” (RPE) scale, is another key factor in test interpretation and 

training design (16). Differentiating between central (cardiovascular) and 

local (muscular) fatigue provides more nuanced feedback than a single, 

global exertion score, allowing for more specific insights into an athlete’s 

performance and fatigue profile (17). For example, an athlete may report 

high local fatigue in the legs after a test with repeated accelerations, while 

central fatigue may dominate during continuous, steady-state efforts like the 

Cooper Test (18). Understanding these distinctions is essential for designing 

appropriate conditioning programs and recovery strategies. 

Integrating Cooper Test performance, MAS values, lower-limb strength, and 

differentiated ratings of perceived exertion offers a more comprehensive 

framework for assessing aerobic capacity in athletes. Despite growing 

evidence supporting individualized and sport-specific evaluations, 
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traditional protocols continue to be used due to their simplicity and long-

standing historical use in performance testing (19). This reliance on 

established protocols may limit the ecological validity of test outcomes and 

hinder their effectiveness in informing training interventions (20). In a 

bandy gymnasium setting, focused on preparing adolescent athletes for elite 

performance, the choice of fitness tests could carry both immediate and 

long-term significance, influencing not only current training strategies but 

also the trajectory of athletic development and overall performance 

enhancement (21). 

Aim 
This project aims to compare performance outcomes between the Cooper 

3,000-meter run test and the Maximal Aerobic Speed (MAS) test in bandy 

players, with a specific focus on aerobic capacity and differentiated ratings 

of perceived exertion. Additionally, it will explore the potential influence of 

CMJ performance on test outcomes among National athletic gymnasium 

(NIU)-level bandy athletes. 

Practical relevance (word count: 292) 
In elite youth sports environments such as the NIU bandygymnasium, 

selecting appropriate fitness assessments is crucial for tailoring effective 

training programs. Traditionally, the Cooper Test has been widely used to 

evaluate aerobic capacity due to its simplicity and established use in 

endurance sports (2). However, the physical demands of bandy—a fast-

paced, intermittent team sport played on ice (6), differ considerably from 

those of continuous running activities. This project responds directly to this 

gap by comparing the Cooper Test with the MAS test, which is increasingly 

utilised in intermittent sports due to its direct link to VO₂max and 

compatibility with HIIT. 

 

The MAS test provides more individualized data and better reflects the 

game-like intensity fluctuations experienced in bandy (6). It also offers 

immediate application in practice by informing pace zones for conditioning, 

which can be difficult to derive from the Cooper Test alone. Athlete 

feedback also supported MAS as a more relevant and motivating protocol, 

especially in training environments aiming to simulate game demands. 

 

By including measures of lower-body power (CMJ) and perceived fatigue 

(RPE, both central and peripheral), this project offered a multidimensional 
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view of athlete readiness and recovery. Coaches can use this information to 

fine-tune training loads, optimise athlete performance, and potentially 

reduce injury risk. For example, recognizing differences in central vs. local 

fatigue responses can help tailor recovery strategies more precisely (22). 

 

Ultimately, the findings offer a sport-specific evidence base for re-

evaluating traditional testing protocols in youth bandy. If implemented, 

MAS testing has potential to enhance both the validity and utility of 

endurance assessments within the bandy context, leading to better-informed 

training decisions and improved athlete development outcomes. These 

insights could be transferable to real-world coaching environments and 

therefor reflect the evolving demands of modern team sport performance 

monitoring. 

Work-flow (word count: 562) 
This project was conducted in collaboration with a Swedish NIU 

gymnasium program for elite-aspiring youth bandy players aged 16–19. The 

participant group included 25 male athletes. After exclusion there were 10 

athletes included in the data analysis. The primary coach of the gymnasium 

acted as the organisational contact and facilitated scheduling and test setup 

throughout the project. He also led the testing to allow the athletes to 

operate in an environment they felt used to and therefor minimize risk of 

bias. A flow chart of the inclusion process can be viewed in figure 1. 

Figure 1. Inclusion and exclusion. 
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1. Initial Planning and Coordination (Weeks 1–4) 

The first phase included defining the project goals, selecting assessment 

methods (Cooper Test vs. MAS), and aligning with the coach and staff on 

logistics regarding the testing. Scheduling for the project was decided and 

agreed between author and staff to be beneficial for both parties. This phase 

also included forming and collecting ethical consideration and informed 

consent from all participants.  

2a. Data collection (Week 5-7) 

Athletes completed both the Cooper Test (3000m continuous run) and the 

MAS test (1600m continuous run) at least once. The 1600m distance was 

the preferred choice after discussion with the coach because of its use in 

other sports in the same gymnasium. The original plan was to have each 

participant perform both tests twice within a three-week period to increase 

reliability and account for day-to-day performance variation. However, due 

to a higher dropout rate than anticipated, the protocol was adjusted. It was 

decided that data from participants who completed each test once would still 

be included in the final analysis to retain a sufficient sample size. A 

minimum 48-hour recovery period was maintained between test sessions to 

ensure athletes were adequately rested. During this time period the athletes 

did still participate in training with their respective clubs that we could not 

control for. 

 
Each session included a standardised warm-up (10 minutes), verbal 

instruction and test-specific explanations as well as RPE collection 

immediately post-test using Borg’s CR10 scale, differentiating between 

central and peripheral fatigue (17). To assess potential determinants of 

endurance performance, athletes also performed a maximal CMJ for lower-

body power, measured via a smartphone app and pressure mat validated for 

field use (23). This test was collected during their regular preseason testing 

routine and was performed on a separate day. In total there were 19 

participants who performed the CMJ. 10 athletes performed both Cooper 

and MAS at least once. 6 athletes performed both Cooper and MAS twice. 

Baseline characteristics of the participation group can be viewed in table 1. 

3. Data Processing and analysis (Weeks 8–11) 

Data were compiled into Excel spreadsheet. Comparisons between the 

Cooper Test and MAS were made in terms of test feasibility and athlete 

feedback, RPE scores (central vs. local fatigue) and correlation with 

strength/power metrics (CMJ). All data was evaluated and arranged in tables 
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with standard statistical analyses performed (mean, standard deviation and 

Pearsons correlation). The results of the project can be viewed in figure 2 

and figure 3. 

4. Feedback and interpretation (Week 11-12) 

A feedback session was held with the coach to share the initial findings and 

gather qualitative input on perceived usefulness of the project. Future 

recommendations for endurance testing at the school were presented to the 

coach. Following presentations for additional staff and players are planned. 

Table 1. Baseline characteristics and performance data 

Data Mean (SD) 

Age (year) 16.6 (0.51) 

Height (cm) 182.8 (8.21) 

Weight (kg) 74.6 (8.6) 

Counter movement jump (cm) 37.8 (3.04) 

Maximal aerobic speed (minutes) 6.07 (0.52) 

Coopers test (minutes) 12.38 (1.07) 

MAS RPE central) 9.4 (0.52) 

MAS RPE (peripheral) 8.5 (0.83) 

Cooper RPE (central) 9.4 (0.46) 

Cooper RPE (peripheral) 8.4 (0.42) 

RPE= Rating of perceived exertion 
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Figure 2. Correlation between Cooper and Maximal Aerobic Speed (in minutes)  

 

Figure 3. RPE Comparison between MAS and Cooper Tests for Central and 

Peripheral Fatigue. 

 



12/19 
 

Scientific reflections (Word count: 713) 

Conducting this project offered insight into the intersection between 

research and practice within a youth elite sporting environment. One of the 

key reflections concerns the feasibility and effectiveness of integrating 

scientifically sound tests, such as MAS, into a structured school-based 

training program. 

Results 
Analysis of athletes who completed MAS and Cooper at least once (n = 10) 

showed a very strong positive correlation (r = 0.96), with the smaller 

subgroup who completed both tests twice (n = 6) still demonstrating a high 

correlation (r = 0.77). This indicates that, despite differences, both tests 

assess similar aspects of aerobic fitness. However, minor discrepancies in 

results and perceived exertion (no statistically significant difference) 

highlight possible test-specific demands worth considering in team sport 

contexts (24). Correlations between CMJ and MAS (r = 0.17) and Cooper (r 

= 0.13) were weak, suggesting that lower-body power and aerobic 

endurance are relatively independent traits in this athlete group. 

Strengths 
Working with Midsommarkransens Bandygymnasium was largely 

successful due to open and positive communication with the coaching staff 

and mutual interest in improving conditioning assessments. The school was 

eager to take part in the project, a positive for potential future 

collaborations. 

 

From a methodological standpoint, the implementation of both the Cooper 

Test and MAS was straightforward. However, post-testing reflections 

suggest that the MAS test was more coach-friendly, particularly because of 

its perceived relevance to high-intensity interval training (25). Some athletes 

commented positively about MAS while showing more hesitation towards 

Coopers test, highlighting a possible need for switch of aerobic test to boost 

confidence and increasing positive attitude towards testing (26). 

 

A key strength of the project was its multidimensional design: rather than 

just comparing two aerobic tests, CMJ and RPE was included to evaluate 

lower body strength, neuromuscular fatigue and perceptual responses. This 

allowed for a more holistic understanding of how each test taxed the 
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athletes. For example, MAS tests induced slightly more local muscular 

fatigue (higher peripheral RPE), while the Cooper Test elicited greater 

central exertion, aligning with research on the physiological demands of 

continuous versus intermittent exercise (27). 

Limitations 
The main weakness of this project was the high dropout rate, which reduced 

the sample size. This was possibly due to a combination of post-season 

injuries and low athlete motivation, as testing took place shortly after the 

competitive season ended. Many athletes were either recovering or mentally 

disengaged from structured performance assessments. This issue could 

likely have been mitigated by conducting the project during a different 

phase of the season, such as the preseason or early in-season, when athletes 

are typically more physically prepared and mentally invested in testing and 

training. 

 

Other limitation was the use of field-based tools for strength and power 

testing (e.g., smartphone CMJ app) which, while validated for team sport 

settings (23, 28), lack the precision of lab-based assessments; similarly, the 

absence of a gold-standard VO₂-max test prevented objective validation of 

MAS and Cooper outcomes, though literature supports MAS as a more 

accurate proxy in intermittent sports (29). Despite these constraints, CMJ 

data added useful context on neuromuscular status, and athletes found the 

MAS protocol more engaging, aligning with evidence that shorter, sport-

specific tests reduce monotony and better reflect game-like demands (30). 

 

Future projects should include a follow-up phase assessing whether training 

based on MAS values leads to improved conditioning or performance 

metrics compared to Cooper-based programming. Training programs based 

on MAS values allow for individualized and sport-specific conditioning by 

prescribing intensities as percentages of an athlete’s aerobic capacity (e.g., 

100% MAS for aerobic intervals, 110–120% MAS for anaerobic efforts, 

90% MAS for recovery). This ensures workload control, optimizes 

physiological adaptations, and supports performance monitoring over time, 

making MAS a practical and effective tool in performance training. Finally, 

this project highlighted the importance of collaborative design. Engaging 

the coach early allowed for alignment between scientific goals and practical 

relevance, something often missing in academic projects (31). 
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Conclusion 
While MAS appears more aligned with the physical demands and training 

structure of youth bandy, both tests offered useful insights. A key takeaway 

is the value of testing that not only measures performance but also guides 

training with contextual relevance. The inclusion of CMJ did not provide 

any further insight in this population but could be of relevance for future 

project given its clear correlation in the literature. 

Take home message 
1. MAS testing offers a more sport-specific alternative to the Cooper 

Test, possibly better reflecting the physiological demands of bandy 

while maintaining a strong correlation with aerobic fitness levels. 

2. MAS testing allows for a better and more individual training 

programming based on the test results. 

3. Differentiated RPE responses revealed test-specific fatigue profiles, 

although small, MAS inducing slightly higher peripheral fatigue and 

Cooper Test eliciting more central fatigue, possibly a consideration 

for training and recovery planning. 

4. CMJ offered a weak correlation in this population but could be taken 

into consideration for future projects to further investigate the 

potential influence between lower limb power and running capacity. 
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2. Questionnaire for Rating of Perceived 
Exertion 

 

3. Test performance instructions 
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