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Abstract  

Objectives: We tested whether mental fatigue (MF), induced by a cognitively-demanding task, 

would impair repeated sprint ability (RSA) and repeated jump ability (RJA) performance, and 

whether physical fatigue and MF would impair psychomotor vigilance. Design: Randomized 

within-participant design. Methods: After establishing baseline peak countermovement jump 

(CMJ), 18 male participants performed 12 maximal 20-m (10-m linear + 10-m directional) 

repeated sprints (RSA random test) followed by 12 maximal repeated CMJs (RJA test) 

subsequent to 30-min Stroop task (MF) or a documentary (Control). Peak and mean running 

time and height, percent decrement score (Sdec), blood lactate, heart rate and RPE were 

measured for CMJ, RSA, and RJA tests. MF (M-VAS) and psychomotor vigilance 

[psychomotor vigilance test (PVT)] were measured at baseline, after each condition, and after 

the RSA/RJA tests. Results: Compared to Control, the Stroop task elevated MF (p =.001), RPE 

ratings (all p < .031), and mean and Sdec performance in directional (but not linear) RSA (all p 

<.032) and RJA tests (all p < .034). PVT score worsened after Stroop task (p =.011) but not 

Control, declined after RSA/RJA tests in both conditions (all p < .023) and was lower in the 

MF condition (p =.029). No condition differences were noted for peak (CMJ, RSA and RJA 

tests) performance, blood lactate, and heart rate. Conclusion: MF impairs directional RSA, and 

RJA performance. This impairment was linked with increased RPE and without physiological 

changes. The progressive impairment in PVT score suggests a cumulatively negative effect of 

mental and physical fatigue on psychomotor vigilance. 

Keywords: anaerobic exercise, cognitive load, cognitive performance, sport performance, 

physical fatigue, strength endurance 
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INTRODUCTION  

 

Mental fatigue (MF) is a psychobiological state that can be induced by cognitively demanding 

tasks, characterized by subjective tiredness or lack of energy and impaired cognitive 

performance1. Sport scientists have confirmed that MF can impair aerobic endurance 

performance1,2 as well as sports-specific psychomotor performance, defined as highly complex 

motor behavior that results from the cognitive processing of sensory and perceptual 

information in a sport-specific context3.  

On the other hand, evidence on the effect of MF on anaerobic performance and strength is less 

explored. Reviews conclude that MF does not affect physical activities that require brief bursts 

of strength, such as sprints, jumps, and maximal contractions1,3. Indeed, studies report that 

countermovement jumps (CMJ) and running sprints are unaffected by MF4,5. Other studies note 

that MF does not impair short-lasting (< 3 min) strength/power and sprint exercises4,6. For 

instance, linear repeated sprint ability (RSA) performance was unaffected by MF 7. However, 

another line of investigation concerning strength endurance proved otherwise, with studies 

showing that MF can impair submaximal strength endurance exercise8,9,10. For instance, when 

performing submaximal contractions repeatedly at 20% of maximum voluntary contraction, 

MF increased the time to exhaustion8. Other research, including a recent review on strength 

endurance, showed that MF reduced the number of repetitions and sets of strength exercise 

performed9,10. It can be argued that strength endurance, similarly to aerobic endurance 

performance, is susceptible to MF due to higher cognitive components of pacing, decision-

making, and, perceived effort moderation1,3. In addition, it is worth considering that such 

cognitive components are more relevant when the physical demand is accompanied by the 

situational demands that players experience when processing information before deciding 

where and how to move, while also considering their physical demands, such as postural 

control and balance stabilization12. In this complex environment, the negative impact of MF 

could be exacerbated, with greater impairments of decision making, ball passing, dribbling 

accuracy, directional changes, reactive balance and stability1,3,11,12.  

Therefore, it is worth noting that evidence to date on the effect of MF on anaerobic performance 

and strength endurance are restricted to studies that examined the effects of MF on either 

isolated anaerobic physical tests, such as CMJ, or on physical tests that do not incorporate 

complex cognitive components, such as decision-making, pacing, directional changes, and 

balance control, which are important features of sport performance. Accordingly, studies of the 

effects of MF on anaerobic strength and strength endurance could/should consider how 

multiple elements of complex situations (e.g., situation demands and personal capabilities) 

might interact to determine performance outcome in sport13. In other words, to increase 

ecological validity, protocols could examine the effects of mental and physical fatigue on 

subsequent repeated performance of tasks that require control of posture/balance as well as 

decision making and visuo-motor reactions. Scarce examples of this approach can be found in 

the literature1,3. First, the only study using a repeated jump ability (RJA) test explored whether 

RJA is affected by the environmental factor heat stress14. Secondly, performance of a repeated 

sprint ability (RSA) test was only tested linearly and, notably, no study has explored the effect 

of MF on the RSA test with a linear and directional component combined. Previously, this 

specific RSA test with both of these components, was used in a training study and was sensitive 

to mental fatigue-inoculation cognitive training15. In addition, in sports, such as football, 
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basketball and volleyball, athletic actions, such as high intensity sprinting, changing direction, 

jumping, accelerating, and decelerating (which are typically examined only from a 

physiological perspective), have a negative impact on cognition and in particular in vigilance 

and sustained attention16. Despite such impact, there is scarce evidence of the impact of 

physical fatigue and the combination of physical and mental fatigue on cognitive performance.  

Therefore our study was designed to address these gaps in the literature and its purposes were 

twofold. Our first purpose was to determine the effect of a highly demanding cognitive task 

inducing MF on subsequent repeated sprinting and jumping performance using a protocol with 

multiple elements to increase complexity, in terms of cognitive demands (e.g., sprinting with 

changes of direction) and exercise demands (e.g., completing repetitive bouts with incomplete 

recovery). We hypothesized that a 30-min response inhibition cognitive task would induce MF 

and impair peak and mean time of the directional component but not the linear component of 

RSA. Furthermore, we hypothesized that MF would not affect peak height during isolated 

CMJs (measured at baseline and after each experimental treatment) and the RJA, whereas MF 

would impair mean height and fatigue index (measured as decrement score) during the RJA. 

Our second study purpose was to determine the serial effects of MF alone and combined with 

physical fatigue on the performance of a psychomotor vigilance test (PVT). Previous studies 

have shown that high intensity aerobic endurance exercise can impair subsequent cognitive 

performance7,16. Together with evidence that MF impairs cognitive performance7, this 

literature highlights a shared neurocognitive connection concerning the regulation of mental 

and physical effort. Here we hypothesized that reaction times during the PVT would be slower 

following 30-min of a mentally fatiguing task compared to watching neutral videos, and 

slowest following the serial combination of MF plus physical fatigue. 

 

METHODS  

 

Eighteen  healthy and fit male [mean ± SD, age 25 ± 5 years, height 181 ± 5 cm, weight 75 ± 

8 kg, peak oxygen uptake  55 ± 4 ml·kg−1·min−1] participants were recruited from amateur 

basketball (n = 6), handball (n  = 7) and football (n = 5) clubs. They had at least three years 

playing experience and were classified as performance level 2 (trained/development)17.  Given 

that we only had access to male clubs, we were not able to test female participants. They signed 

an  informed consent and the study protocol was approved by the Ethics Committee of the 

School of Sport and Physical Education at Valencia University in accordance with the 

Declaration of Helsinki. All participants were unaware of the study purposes and hypotheses. 

This study employed a randomized counterbalanced within-participant experimental design. 

Participants completed 3 laboratory sessions: a familiarization session followed by two 

counterbalanced (mental fatigue, control) testing sessions (Fig. 1). Time of testing, 

environmental conditions, and exercise equipment settings were standardized. At least 10 days 

separated testing sessions to allow recovery from potential muscle damage. Participants were 

instructed to sleep for at least 7 h, drink 35 ml of water per kilogram of body weight, refrain 

from alcohol and caffeine, and avoid any vigorous exercise 24 h prior each laboratory session. 

Their compliance with instructions was checked and verified. Participants declared any 
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medication/drug use and acute illness, injury, or infection. Time of testing, environmental 

conditions, meal times and equipment settings were standardized. 

During the familiarization session, participants were provided with standardized instructions 

for anchoring of Borg 6-20 rating of perceived exertion (RPE) and completed the RSA random 

test18, counter movement jump test14, and RJA test14. Furthermore, they were familiarized with 

the Stroop task, PVT19, and the psychological and physiological measures. During the testing 

sessions, participants rated their motivation to complete the whole testing session, and MF, 

warmed-up, and performed the baseline CMJ test, which comprised three vertical jumps on a 

force plate (Kistler, Arizona, US) separated by 20 s rest. Afterwards they performed a 10-min 

PVT using a computer running E-prime 2.0 (Pittsburg, USA) software to assess sustained 

attention and vigilance to perform. Next, they completed one of two 30-min experimental 

conditions while sitting comfortably in a quiet, dimly lit room. In the MF condition they 

performed an incongruent Stroop colour-word task using a tablet running the SOMA-NPT app 

(Sswitch, Lucerne, Switzerland). In the control condition (CON) they watched an emotional 

neutral documentary about cars on the same screen1. At the end of each condition, they 

completed the National Aeronautics and Space Administration Task Load Index (NASA-

TLX)20, performed a 10-min PVT, and rated MF. After warming-up, they completed another 

CMJ test, rested 5- min, provided a blood sample, rated their motivation to complete the whole 

testing session, warmed-up for 10-min, and completed the RSA random test. This running test 

measures linear acceleration, change of direction, visuomotor response, and decision making. 

The test comprised of 12 sprints, with each sprint followed by 10 s active recovery while 

jogging 20 m to the starting position. Each sprint comprised a 10-m linear sprint plus a 10-m 

directional sprint to 1 of 3 randomly cued locations (straight or 45 degrees to the right or to the 

left). The location of each directional sprint was cued by the illumination of 1 of 3 colored 

lights after completing the previous 10-m linear sprint. We used a FitLight Trainer system 

(Fitlight Corp, Ontario, Canada) to measure linear and directional sprints and to cue directions. 

Performance was measured as peak and mean time taken to complete the 10-m linear 

acceleration sprint (time [s]) and 10-m directional sprint (time [s]). HR and RPE were measured 

after every sprint. At completion of the test, participants rested for 10-min and provided a blood 

sample. They then warmed-up for 5-min and completed the RJA test. This jumping test 

comprised 12 maximal jumps on a force plate (Kistler, Arizona, US) separated by 5 second 

intervals. Participants were instructed to jump from a stationary standing position, to use a 

preparatory countermovement consisting of a 90° knee flexion, and to keep their hands on their 

waist14. Finally, they completed a NASA-TLX and performed a 10-min PVT. All warm-up 

protocols preceding the CMJ, RSA and RJA tests were standardized across experimental visits.  

 

For the CMJ test, the peak force and height for each of the three jumps were recorded, and the 

two closest values were averaged. For the RSA random test, peak performance time, mean 

performance time, and percentage decrement score (Sdec) were measured. For the RJA test, 

peak height, mean height, and Sdec were computed. Sdec is a measure of fatigue expressed as 

percentage of decline in maximal performance and it is computed using equation 2 for RJA 

and equation 3 for RSA as formulated by Girard and colleagues.21 For the PVT, mean reaction 

time (ms) for responses between 100 and 500 ms, and number of lapses, defined as responses 

slower than 500 ms, were computed19.  

Heart rate was measured using a telemetric chest sensor (Polar H10, Polar Electro Oy, 

Kempele, Finland) during the RSA random test, specifically at the end of each sprint 

completed.  Blood lactate concentration (mmol/l) was measured by taking a 5-μl sample of 

whole fresh capillary blood from the right middle finger and analyzed using a portable analyzer 

(Lactate Pro LT-1710, Arkray, Shiga, Japan). Samples were collected at baseline before each 
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condition, before the RSA and before RJA tests. A 6-20 Borg scale22 was used to assess 

perceived effort during each sprint of the RSA random test, and overall effort across the RJA 

test. 

Motivation to complete the testing session was measured by rating the statement “I am 

motivated to perform the test” using a 5-point Likert scale, with anchors of 0 (not at all) and 4 

(extremely). Subjective workload after each condition and physical test was measured using 

the mental, physical demand, frustration and effort subscales of the NASA-TLX20.  MF before 

and after each condition was measured using a specific visual analogue scale (M-VAS): 

participants indicated how mentally tired they were on a scale, anchored by “not all exhausted” 

and “completely exhausted”, by placing a mark on a 10-cm line.  

 

All data are presented as mean ± SD. After testing for normality using Shapiro–Wilk test, 

histograms, Q–Q plots, and box-plots, RSA and RJA performance parameters, blood lactate 

measures, motivation data, NASA TLX, and RPE after the RJA test were analyzed using paired 

sample t tests. M-VAS scales and CMJ parameters were analyzed using 2 condition (MF, 

Control) by 2 time (pre 30-min manipulation, post 30-min manipulation) ANOVAs. HR and 

RPE (during the RSA) were analyzed using 2 condition (MF, Control) by 12 sprints (1 … 12) 

ANOVAs. PVT reaction time and lapses were analyzed using 2 condition (MF, Control) by 3 

time (pre 30-min manipulations, pre RSA test, post RJA test) ANOVAs. Interaction effects 

were followed up with relevant corrected pairwise comparisons using the Bonferroni method 

(post hoc analysis) for simple main effects, otherwise main effects are reported. Significance 

was set at 0.05 (2-tailed) for all analyses. The effect sizes for the ANOVAs were calculated as 

partial eta squared (η²p), with the small = .02, medium = .13 and large = .26 interpretation. For 

t tests, Cohen’s d was calculated as effect size, with the small = .20, medium = .50 and large = 

.80 interpretation. Data analysis was conducted using the Statistical Package for Social 

Sciences (SPSS 27).  

 

 

RESULTS  

 

 

In the RSA random test (Fig. 2A), mean running time was significantly longer for MF than 

control during the directional phase (p = .032, d = 0.491) but not the acceleration phase (p = 

.192, d = 0.112). Moreover, running Sdec was significantly greater (p = .027, d = 0.511) in the 

MF condition compared to control (Fig. 2C). Similarly, in the RJA test (Fig. 2B), the MF 

condition was characterized by significantly poorer jumping, namely shorter mean height (p = 

.009, d = 0.599), and greater Sdec (p = .034, d = 0.523) (Fig. 2B), compared to the control 

condition. 

In contrast, in the RSA random test, no significant condition differences were detected for peak 

running time during the acceleration (p = .371, d = 0.291) and directional (p = .271, d = 0.211) 

phases (Fig. 2A). In the case of jumping performance, there were no significant condition (p = 

.581, η²p = .10;  p = .272, η²p = .11), time (p = .183, η²p = .10; p = .212, η²p = .11), or condition 

by time (p = .321, η²p = .10; p = .441, η²p = .06) effects for peak height during the CMJ test 

(Fig. 2B). Moreover, we failed to detect any significant condition differences in peak height (p 

= .217, d = 0.141) during the RJA test (Fig. 2B).   

The impact of MF on vigilance was assessed by performance on the PVT. Two condition by 

three time ANOVAs generated significant interaction effects for RT (p = .021, η²p = .18). 

Follow-up tests revealed no significant condition differences at baseline (p = .531) whereas 

reaction time slowed significantly relative to baseline after the MF manipulation only (p = 

.011), which was slower (p= .002) than CON. Moreover, after the physical tests, reaction time 
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significantly slowed in both MF (p= .015) and CON (p= .023) conditions, and was slower in 

the MF (p= .029) compared to control condition (Fig. 2D). No significant interaction or main 

effects were noted for lapses.    

 

 

Regarding heart rate, ANOVA yielded a significant main effect of time, confirming that heart 

rate (p < .001, η²p = .91) increased over the 12 sprints. Importantly, no significant condition (p 

= .291, η2p = .10) or  condition  by time (p = .237, η2p  = .09) effects were found (Fig. 3A). 

Similarly, no significant condition differences in blood lactate were observed before the 

manipulations (p = .321, d = 0.181), before the RSA random test (p = .211, d = 0.154) and 

before the RJA test (p = .611, d = 0.222) (Fig. 3B).  

RPE during the RSA random test yielded a significant condition by time interaction (p = .031, 

η²p = .18); effort increased over the 12 sprints in both conditions (p < .001, η²p = .44), and 

running was more effortful during the MF condition (p = .022) (Fig. 3C). Similarly, effort at 

completion of the RJA test was significantly higher in the MF condition compared to CON (p 

= .017, d = 0.698) (Fig. 3D). 

 

Motivation did not significantly differ between conditions before the manipulations (p = .422, 

d = 0.279) and physical tests (p = .515, d = 0.176). The NASA TLX subscales completed after 

the manipulations revealed significantly higher mental demand (p < .001, d = 0.999) and effort 

(p = .031, d = 0.713) during the MF than CON condition. No significant condition difference 

was noted for physical demand (p = .519, d = 0.154) and frustration (p = .714, d = 0.231) (Table 

1). The NASA TLX subscales completed after the physical tests revealed significantly higher 

mental demand (p = .021, d = 0.375), effort (p = .035, d = 0.272), and frustration (p = .037, d= 

0.455) during the MF than CON condition. No significant condition difference was noted for 

physical demand (p = .813, d = 0.199) (Table 1). A 2 condition by 2 time ANOVA on the M-

VAS ratings produced an significant interaction effect (p = .001, η²p = .31); MF increased from 

pre (1.3 ± 0.5) to post (7.2 ± 1.1) cognitive task (p = .021), whereas MF did not change from 

pre (1.0 ± 0.7) to post (2.4 ± 0.8) video task (p = .713). 

 

 

DISCUSSION 

 

Our study examined whether a state of MF, induced by a highly demanding cognitive task, 

would impair repeated sprinting (RSA) and jumping (RJA) performance, increase rating of 

perceived exertion (RPE), and impair sustained attention and vigilance (PVT). In line with our 

hypotheses, we found that MF impaired mean running time and running Sdec during the 

directional phase of the RSA test as well as mean jumping height and Sdec during the RJA test. 

However, no differences were detected for peak running time (RSA random test) and height 

(CMJ and RJA tests). Moreover, PVT performance was affected by MF and combined physical 

and mental fatigue. These key findings are discussed below. 

  

Our first study purpose was to determine the effects of MF on subsequent repeated sprinting 

and jumping performance. In partial support of our hypothesis that MF would impair repeated 

exercise performance, we found that a state of MF, induced by performing a highly demanding 

30-min classic Stroop response inhibition task, slowed mean running time by 9% during the 

directional phase of the RSA random test compared to control. This finding is in line with 

another study showing that fatigue-inoculation training improved intermittent running 

performance during the directional phase of the RSA random test15. Furthermore, it 

p 
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corroborates previous studies showing that mental fatigue is associated with poorer physical 

and technical performance in football and decreased decision-making skill and visual search 

performance in basketball1,3,11. Taken together, these findings provide evidence that the 

complex cognitive requirement to respond to a visual stimulus and decide which direction to 

take while sprinting is slowed when mentally fatigued. We also found that MF increased the 

Sdec during the RSA random test, a measure of sprinting fatigue over time. This evidence 

demonstrates that MF also reduced resilience to physical fatigue during repeated high intensity 

running, and it is in line with previous studies on the negative effects of MF on shuttle and yo-

yo tests. The present data corroborate the argument that Yo-Yo Tests and intermittent high-

intensity running tests in soccer players and other team sport athletes are affected by mental 

fatigue by altering their perception of effort 23. As hypothesised, we failed to observe any effect 

of MF on peak time, mean time, and Sdec during the linear acceleration phase of the RSA 

random test. These null findings for basic high intensity running (i.e., sprinting) in a straight 

line, add to those yielded by a previous study that also failed to detect any effect of MF on 

repeated straight line sprinting in footballers1,7. These null findings argue that high intensity 

linear sprinting performance, which in general relies  on energy supply, metabolic 

accumulation, reduced neural drive and environmental factors, is immune to the deleterious 

effects of MF1,7. 

 

Similarly, and in partial support of our hypothesis, we found that MF impaired performance of 

the 12-jump RJA test, whereas MF did not impair performance of the 3-jump CMJ test. Jump 

height during the CMJ tests did not differ between the MF and control conditions. This null 

finding is broadly in agreement with previous studies1,4,5 that reported no effect of MF on single 

CMJ performance. Importantly, when participants were required to execute a series of jumps, 

with incomplete recovery between jumps, as required by our RJA protocol, we now found that 

MF impaired jumping mean height by 8% and Sdec by 58% compared to control. Our RJA 

results are broadly compatible with those showing that mean (but not peak) height during a 

series of 5 repeated jumps was impaired by heat stress14. Our RJA protocol comprising 12 

jumps, proved that repeated jumping is sensitive to increased cognitive demands faced by the 

performer. Although we did not perform any biomechanical analysis, we could speculate that 

MF impacted the control of posture12. It is possible that MF impaired the ability of participants 

to balance based on external environmental cues. In this case, the taking off and landing phases 

of jumping may be impaired if insufficient recovery is granted to allow proper readjustment. 

MF may have impaired the ability to create faster adjustment of reactive balance and 

adaptability24. This explanation could account for why peak height was not affected by MF 

whereas mean height and Sdec were impaired by MF.  It is worth noting that the impaired Sdec 

due to MF in the present study is in line with previous studies showing that MF affected the 

number of repetitions and volume-load ratio in resistance exercise and training to 

exhaustion9,10,25. Although our protocols were submaximal and not until exhaustion, it is 

evident from the Sdec that MF would have affected the number of repetitions if exercise had 

carried on to exhaustion. Overall, the present study shows that MF affected the higher order 

components required to perform the RSA and RJA tests, namely, the directional phase of 

repeated running and the repeated jumps with uncomplete recovery.  

 

Our second study purpose was to determine the effects of mental and physical fatigue on 

sustained attention and vigilance as measured by the psychomotor vigilance test. In support of 

our hypothesis, we found that reaction times were 18% slower following the 30-min Stroop 

task compared to control. These results, indicating that a state of MF reduced vigilance task 

performance, are in line with previous studies assessing the effect of MF on cognitive 

performance7,19. This behavioural measure of MF provided by the PVT is corroborated by the 
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subjective MF and NASA TLX ratings, which confirmed that the Stroop task was more 

mentally fatiguing, mentally demanding, and effortful than watching emotionally neutral 

videos. Also, in line with our hypothesis, we found that reaction times were slowest after 

completion of the exercise tasks. Previous studies show that exercise can have positive, null, 

or negative effects on cognition depending on the exercise dose26. In line with previous 

research16, here we found that high intensity exercise impaired reaction times during a vigilance 

task. That the MF condition slowed reaction time during the PVT more than the control 

condition after the RSA and RJA tests establishes a cumulative effect of mental and physical 

fatigue on participants’ sustained attention and vigilance to perform. Indeed, MF plus physical 

fatigue slowed reaction time 16% more compared to physical fatigue alone. These results are 

in line with the only two previous studies, to our knowledge7, 27, which illustrate the additive 

negative effects of MF and physical fatigue on reaction times during a vigilance task. Vigilance 

is an important cognitive element in sport performance, and, therefore, the present findings 

highlight the importance of considering the cumulative effects of mental and physical fatigue 

on athletic performance. 

It is worth mentioning that HR and blood lactate did not differ between conditions. 

Accordingly, these metabolic and cardiac factors are unlikely to mediate the decline in 

performance of the RSA and RJA tests observed in the MF condition. These results are in line 

with studies of MF and sport performance, and underscore the view that physiological 

measures are not affected by MF and they do not change during the RSA and 

RJAperformance1,3. Although we did not take any biomechanical measure, we speculate that 

MF may impact motor control and intra/intermuscular coordination of complex movement, 

alter volitional, reactive balance and postural control and impair one's ability to maintain and 

regain stability 12. The RPE measured during the RSA random test and at completion of the 

RJA test confirmed the increased effort associated with performing the physical tests and are 

in line with the previous literature indicating that RPE may be a main mediator between MF 

and sport performance1,3. The RPE scale in this paradigm represented the effort needed to sprint 

and jump repetitively. Participants in the MF condition rated their effort to complete the RSA 

and RJA tests to be between 5% and 8% more effortful than control, which supported the 

hypothesis that MF increased RPE. The available data demonstrate that MF negatively impacts 

the perceived effort to perform. It appears in our study as in previous ones4 that MF has no 

effect on peak time and height. However, when running and jumping exercises are performed 

repetitively and with more complex cognitive demands, it makes these exercises more effortful.  

 

The present study helps clarify the relationship between MF and repeated anaerobic 

performance/strength endurance, an important component in team sport23. However, studies 

using strength endurance components and MF, biomechanical measures,  and a range of athletic 

levels are necessary to better understand the effect of MF on postural control, and to clarify 

how the level of the athletes impacts resilience toward mental fatigue. Indeed, a limitation of 

the present study was the lack of in depth measures and analysis of biomechanical postural 

control which would have better elucidated the biomechanical postural mechanisms affected 

by MF.     

 

Future studies should evaluate short-term recovery strategies to reduce MF such as binaural 

sounds28 or psychological and nutritional interventions29. Alternatively, coaches could train 

athletes to cope better with MF using brain endurance training15,30, a form of fatigue-

inoculation training.     
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CONCLUSION  

Our study showed that a state of MF, induced by a highly demanding 30-min cognitive task, 

impaired repeated directional sprint and jumping ability. Neither repeated linear running nor 

singular CMJ were influenced by MF. Our findings may help to resolve the mixed findings in 

the extant literature. Specifically, strength endurance performance is vulnerable to MF when 

the task requires a higher level of cognitive engagement/demand . In sum, ecologically-valid 

studies on the effects of MF on strength endurance performance in sport would do well to 

consider the complexity and multiple determinants of athletic performance. 

 

PRACTICAL APPLICATIONS  

 

 Mentally demanding and fatiguing cognitive tasks may impair subsequent repetitive 

sprinting and jumping ability. Given that MF can also be caused by situational stressors 

and activities such as the use of smartphones, coaches and practitioners of sports with 

repetitive sprinting and jumping components (such as volleyball, football and basketball) 

should implement strategies to mitigate potential MF. 

 To avoid potential negative effect of MF, coaches and practitioners could introduce 

cognitive recovery strategies for athletes (short-term solution), such as power napping, 

self-talk, and caffeine. 

 Coaches and practitioners could use brain endurance training, a form of fatigue-inoculation 

training, to increase mental fatigue resilience (long-term solution). 
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FIGURES CAPTIONS  

 

Figure 1.  Schematic of the experimental protocol 

Overall view of the experimental protocol. CMJ indicates counter movement jump test; PVT: 

psychomotor vigilant task; EC: Experimental condition; RSA: repeated-sprint ability random 

test; RJA: repeated-jump ability test; M-Vas: Visual Analogue mental fatigue scale; NASA 

TLX: National Aeronautic and Space Administration Task Load Index. 

 

Figure 2. Cognitive and Physical Performance  

2A Peak and Mean Time, during the Linear and Directional Phase of the Repeated Sprint 

Ability (RSA) Random Test for the experimental conditions: Mental fatigue and Control.  

2B Peak Height of the Counter Movement Jump Test (CMJ) pre and post the experimental 

conditions on the left; Peak and Mean Height during the Repeated Jumping Ability (RJA) Test 

on the right; for the experimental conditions: Mental fatigue and Control.   

2C Decrement Score expressed in percentage during the Repeated Sprint Ability (RSA) 

Random Test and the Repeated Jumping Ability (RJA) Test for the experimental conditions: 

Mental fatigue and Control.  

2D Reaction Time (ms) of the Psychomotor Vigilance Test (PVT) before the experimental 

conditions (PRE EC), following the experimental conditions (POST EC) and following the 

physical tests (POST RSA-RJA) for the experimental conditions: Mental fatigue and Control.  

Data are presented as mean (SD). $ = significant condition x time interaction.  #= significant 

main effect of condition. + = significant different from Control (simple main effect of 

condition). 

 

Figure 3. Psycho-physiological measures 

3A Heart Rate measured during the 12 Sprints in the Repeated Sprint Ability Random Test for 

the experimental conditions: Mental fatigue and Control.  

3B Blood Lactate concentration measured before the experimental conditions (PRE EC), 

before the Repeated Sprint Ability Random Test (PRE RSA) and before the Repeated Jump 

Ability Test (PRE RJA) for the experimental conditions: Mental fatigue and Control.  

3C RPE measured at completion of the 12 Sprints in the Repeated Sprint Ability Random Test 

for the experimental conditions: Mental fatigue and Control.  

3D RPE measured at completion of the Repeated Jump Ability for the experimental conditions: 

Mental fatigue and Control.  

Data are presented as mean (SD). $ = significant condition x time interaction. * = significant 

main effect of time . #= significant main effect of condition.  
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Table 1: Subjective Ratings of Workload 

 MENTAL 

DEMAND (0-

100) 

PHYSICAL 

DEMAND (0-

100) 

EFFORT (0-

100) 

FRUSTRATION 

(0-100) 

MF CON MF CON MF CON MF CON 

         

POST 

EC 

 

62 

(15) 

35 

(12)* 

5 (3) 7 (3) 51(23) 19 

(19)* 

31 (19) 21 (25) 

POST 

RSA-

RJA 

87 

(13) 

69 

(16)* 

89 (11) 86 (13) 91 

(12) 

78 

(16)* 

69 (21) 50 (17)* 

Abbreviations: EC = Experimental condition, MF = Mental fatigue condition, CON = Control 

condition 

Note: Data are presented as mean (SD), * significant difference between conditions (p < .05) 
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