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Both daily demands as well as training and competition characteristics in sports can
result in a psychobiological state of mental fatigue leading to feelings of tiredness, lack
of energy, an increased perception of effort, and performance decrements. Moreover,
optimal performance will only be achievable if the balance between recovery and stress
states is re-established. Consequently, recovery strategies are needed aiming at mental
aspects of recovery. The aim of the study was to examine acute effects of potential mental
recovery strategies (MR) on subjective-psychological and on cognitive performance
outcomes after a mentally fatiguing task. A laboratory-based randomized cross-over
study with twenty-four students (22.8 + 3.6 years) was applied. Participants were
run through a powernap intervention (PN), a systematic breathing intervention (SB), a
systematic breathing plus mental imagery intervention (SB+), and a control condition
(CC) with one trial a week over four consecutive weeks. Mental fatigue was induced
by completion of the 60-min version of the AX-continuous performance test (AX-CPT).
The Short Recovery and Stress Scale (SRSS) and Visual Analog Scales (VAS) were
assessed to measure effects on perceptual outcomes. Cognitive performance was
measured with a reaction time test of the Vienna Test System (VTS). During all three
recovery interventions and CC portable polysomnography was applied. Results showed
a significant increase from pre-AX-CPT to pre-MR on fatigue states and recovery-stress
states indicating that the induction of mental fatigue was effective. Moreover, results
underlined that analysis yielded no significant differences between recovery interventions
and the control condition but they revealed significant time effects for VAS, SRSS items,
and cognitive performance. However, it could be derived that the application of a rest
break with 20 min of mental recovery strategies appears to enhance recovery on a mainly
mental and emotional level and to reduce perceived mental fatigue.
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FIGURE 3 | Descriptive development of general and mental specific items of the SRSS over the course of an experimental day. AX-CPT, AX-continuous performance

test; MR, Mental recovery. Results presented as mean + SD.

2013; Smith et al,, 2015). By contrast, no significant difference
in ratings of VAS PF were revealed from pre-AX-CPT to pre-
MR and values were considerably lower than values of VAS
MEF illustrating that participants may differentiate between the
separate facets of fatigue on a primarily mental level compared
to a physical level. In addition, results revealed a significant
increase in stress-related items of the SRSS (OS, LA, NES) and a
significant decline in recovery-related items of SRSS (OR, MPC,
EB, PPC) for all recovery groups as well as the control condition.
As expected, these results indicate that the AX-CPT successfully
induced a state of mental fatigue as demonstrated by an increase
in perception of mental fatigue and stress states as well as a
decrease in recovery states (Guo et al., 2015; Smith et al., 2015).
Against our expectations, it has to be underlined that the
analysis yielded no significant differences between recovery

interventions and the control condition. One possible reason
for this might be that participants even perceived the control
condition as recovering on a mental and emotional level,
which leads to a similar perception of fatigue and recovery-
stress states. This could be due to the fact that the control
condition comprised moderate mental demands with giving
no systematic guidance compared to the implemented mental
recovery strategies. Focusing on acute effects of mental recovery
strategies, results showed significant time effects for SRSS items,
VAS and cognitive performance outcomes from pre- MR to
post-MR. As expected, changes revealed that the implemented
mental recovery strategies had a positive impact on participants’
perceptions of their fatigue and recovery-stress states which were
basically reflected by an increase of OR and a decline of OS and
MEF scores. Since rest periods primarily aim at a re-establishment
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FIGURE 4 | Descriptive development of the emotional and physical specific items of the SRSS over the course of an experimental day. AX-CPT, AX-continuous
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TABLE 1 | Descirptive changes in mean reaction time and mean motor time pre- and post-mental recovery interventions.

Interventions Pre-MR MRT (ms)

Post-MR MRT (ms)

Pre-MR MMT (ms) Post-MR MMT (ms)

PN 267.83 (+44.85) 253.92 (+£41.17) 135.00 (+31.74) 123.50 (+34.38)
sB 269.48 (+46.56) 260.86 (+42.65) 133.33 (+51.30) 120.90 (+35.61)
SB+ 262.40 (+32.40) 252.75 (+35.04) 125.55 (+27.99) 115.85 (:29.60)
cc 264.67 (+43.23) 254.96 (+:35.64) 129.67 (+40.87) 116.08 (+31.38)

PN, powernap; SB, systematic breathing; SB+, systematic breathing + mental imagery; CC, control condition; MR, Mental recovery; MRT, Mean reaction time; MMT, Mean motor time.

Results presented as mean + SD.

of pre-performance states as well as personal resources (Robson-
Ansley et al., 2009; Pelka and Kellmann, 2017) and mental
recovery includes both mental and emotional aspects of recovery
(Balk et al., 2018), the results illustrate that a rest period with
applying any of the mental recovery strategies subject to this
study leads to improvements of MPC, EB and the perception of
CON as well as to reductions of LA values and the perception

of MF in response to a mentally fatiguing task. Moreover, results
show an increase in PPC from pre-MR to post-MR, contrarily
perceptions of MS and PF remained mainly linear. These findings
are in line with the general understanding of the recovery process,
assuming that the application of recovery strategies activate both
physical as well as mental components (Pelka and Kellmann,
2017; Kellmann et al., 2018). However, current results indicate
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FIGURE 5 | Individual standardized differences in the pre-MR to post-MR changes presented as effect sizes (ES) between powernap (PN), systematic breathing (SB),
systematic breathing plus mental imagery (SB+), and control condition in the VAS MF (left) and in MPC (right). The gray stripped areas represent the smallest
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FIGURE 6 | Individual standardized differences in the pre-MR to post-MR changes presented as effect sizes (ES) between powernap (PN), systematic breathing (SB),
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that the application of a “mental break” during which mental
as well as emotional components have been taxed, can return to
their baseline levels (Balk et al., 2018) and may allow participants
to switch off from previous mental demands. Because of the fact
that manifestations of mental fatigue are primarily associated
with subjective and behavioral markers such as feelings of
tiredness, lack of energy, and perception of increased effort (Van
Cutsem et al., 2017; Kolling et al., 2019), results suggest that a
“mental break” can buffer mental fatigue outcomes by increasing
mental and emotional recovery states (i.e., OR, MPC, CON, EB)
with corresponding feelings of being physically and mentally
recovered, concentrated, receptive, alert, and balanced (Eccles
and Kazmier, 2019; Kellmann and Kélling, 2019).

Since recovery is a highly individual process and recovery
strategies have to match an individual’s specific needs (Pelka
et al.,, 2017b; Heidari et al., 2018), missing intervention effects of
the laboratory study can also be explained. Optimal short-term
recovery can only be achieved when recovery activities are
consciously planned according to situational and environmental
needs (Pelka and Kellmann, 2017). With regard to the distinction
between the idea of rest and mental recovery, rest (e.g.,
reduction of cognitive demands, physical rest, inactivity) might
be important in promoting recovery, but the systematic use
of mental recovery modalities (e.g., systematic breathing,
mental imagery, detachment) appears to be more beneficial
to recover on a mental and emotional level (e.g., regulation
of thoughts and feelings, regulation of psychophysiological
activation). Particularly, the reduction of mental stress and the
disengagement of cognitively stressful situations (e.g., process
of mental detachment) during the period of mental recovery
appears to be beneficial to activate and promote the process
of mental recovery (e.g., regulation of psychophysiological
activation, prevention of sustained rumination, enabling
positive, and goal-orientated emotions/thoughts; Balk et al.,
2018, 2019; Eccles and Kazmier, 2019). Thus, focusing on
rest periods, consciously used (pro-active) mental recovery
strategies appear to be beneficial to reestablish essential
resources and to counteract mainly subjective facets of
mental fatigue in order to maintain performance readiness
on a physical, mental, and emotional level (Smith et al,
2018).

Regarding the cognitive performance, several previous studies
have shown that short naps in particular can improve vigilance
and alertness as well as features of mental and physical
performance (e.g., cognitive and motor performance aspects;
Waterhouse et al., 2007; Ficca et al., 2010; Debarnot et al., 2011).
Our findings confirm these results as they revealed improvements
in cognitive performance measures with a reaction time test
on the VTS. Participants were able to increase mean reaction
time and mean motor time from pre-MR to post-MR. However,
training effects from pre- to post-measurement points have to
be taken into account. In this context, with respect to the
effects of mental fatigue on subjective as well as performance
outcomes, the impact of motivation and self-efficacy has to be
mentioned. To include the potential role of motivation in the
study design, we determined an award to ensure engagement and

vigilance during the AX-CPT. Although the role of motivation
in the development of mental fatigue is still unclear, it should
be considered that the engagement in a cognitively demanding,
self-initiated and predominantly boring task (AX-CPT) over
60 min may affect self-control abilities and could result in a
loss of motivation as well as in a lower level of self-efficacy
depending on the individual perception of performance (Englert,
2016). Therefore, changes regarding the participants’ motivation
status could also be a potential explanation for performance
decrements (e.g., impact on the performance in the reaction time
test following the AX-CPT). In order to get more information
on this aspect, the integration of measures of motivation
and self-efficacy can be an interesting and useful addition in
further studies.

Descriptive results of the manipulation check underline
that participants perceived the mental recovery interventions
as recovering and supportive to regain resources primarily
on a mental and emotional level. Nonetheless, no significant
differences between the interventions could be found. Relating
to the feasibility of the different interventions, participants could
realize the control condition much better than the other three
interventions. Taking into account the fact that participants
only have minimal experience with mental-orientated recovery
strategies, it underlines that the feasibility of recovery strategies
is mediated by both previous experience with recovery
interventions and by how comfortable one feels with the
specific recovery strategy (Pelka and Kellmann, 2017). This is
supported by the results of PSG-analyses showing that less
than half of the participants were able to nap in a rest period
of 20 min. Difficulties in feasibility of used mental recovery
strategies might be explained by the fact that some participants
were not able to fall asleep due to new surroundings and
lack of practice. Conversely, some participants, were able to
fall asleep due to an individual high sleep pressure. Although
there is a lack of clarity with regard to specific durations of
a powernap (e.g., 10-min vs. 20-min naps overall), taking the
ecological validity (e.g., feasibility in fixed between-competition
rest periods) into account, it has to be discussed whether brief
naps with a specific duration of sleep are necessary or whether
a period of rest in comfortable position and quiet conditions
is sufficient.

Finally, some limitations of the study design must be
considered. First, the high drop-out rate of participants due
to missing test days and missing or incorrect test values has
to be considered regarding the classification of the results of
the present study. A post hoc power analysis using the same
parameters and 24 participants was calculated resulting in a
power of 0.69, which decreases the probability of actually
detecting if the effect is true; there is a higher chance of
false positive effects. With regard to the individual character of
mental recovery and because of the structured and especially
individualized manner of mental recovery strategies, these
strategies need to be tested by each individual in order to
decide which are appropriate. In relation to this assumption, the
presented results of the present pilot study, however, underline
the additional benefits in this specific setting. Second, the
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screening of TST with SOMNOwatch plus EEG is reasonable, but
led to the exclusion of several participants on the intervention
groups. Third, in the participants’ pre-experiment states, no
initial cognitive performance test (i.e., baseline measurement
point) was administered, meaning changes of MRT and MMT
from baseline to post-AX-CPT and post-MR measurement
points could not be included in the analysis. Fourth, no
additional physiological and hormonal parameters such as heart
rate measures (HR, HRV), respiratory measures or cortisol
levels were obtained from the participants during interventions.
Additional data are required to allow for more detailed
information about psychophysiological responses of mental
recovery strategies apart from subjective outcomes to draw
more accurate conclusions. Fifth, as already mentioned, the
choice of comics as an appropriate control condition needs
to be discussed for the use in further studies investigating
effects of mental recovery strategies. Moreover, it has to
be underlined that no examination was applied during the
control condition to check whether the participants read some
of the comics or only used the recovery break of 25min
to rest.

CONCLUSION AND FUTURE DIRECTIONS

Keeping in mind that recovery is a highly individual process,
the results of the laboratory-based study revealed significant
time effects for SRSS items, VAS and cognitive performance
outcomes but no significant differences between mental recovery
interventions and control conditions could be found. However,
following the induction of mental fatigue, the use of mental
recovery strategies leads to a counteractive development of the
perception of fatigue and recovery-stress states. Following this
first advance, it could be derived that the application of a rest
break with 20 min of mental recovery may enhance recovery on a
mainly mental and emotional level.

Regarding this, further studies are necessary to test
complementary effects of these strategies in an applied
sport setting with athletes of different levels and sports and
to gain novel insights in the field of mental recovery. Sports
with multiple competition bouts throughout a day would be of
particular interest for future research. Rest periods (e.g., 20 min)
between separate competitions appear to be beneficial for athletes
to cope with the mental demands of competitions and to become

REFERENCES

Bakker, A. B. (2011). An evidence-based model of work engagement. Curr. Dir.
Psychol. Sci. 20, 265-269. doi: 10.1177/0963721411414534

Balk, Y. A., de Jonge, J., Oerlemans, W. G. M., and Geurts, S. A. E. (2019). Physical
recovery, mental detachment and sleep as predictors of injury and mental
energy. J. Health Psychol. 24, 1828-1838. doi: 10.1177/1359105317705980

Balk, Y. A., de Jonge, J., van Rijn, R., and Stubbe, J. (2018). “Leave it all
behind”: the role of mental demands and mental detachment in relation to
dance students’ health and well-being. Med. Probl. Perform. Art. 33, 258-264.
doi: 10.21091/mppa.2018.4038

more resilient to the negative facets and impairments of mental
fatigue (Van Cutsem et al, 2017). Therefore, further studies
should evaluate whether rest periods with shorter or longer
recovery time will lead to greater or smaller effects compared
to a 20-min rest period. Hence, in future studies, additional
relevant perceptual, physiological, and hormonal parameters as
well as sport-specific performance parameters could be assessed
to get a more holistic view of the effects of mental recovery.
Because of the fact that recovery depends on previous activities
and on specific performance characteristics, it is also conceivable
to integrate additional recovery strategies with predominant
active parts (e.g., adapted cool-down, short, and moderate walks,
adapted exercise routines) in future studies.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Ethics Committee of the Faculty of Sport
Science, Ruhr University Bochum. The participants provided
their written informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

FL prepared the original manuscript, figures and tables. FL and
AH analyzed the data and interpreted the results. AH and MK
assisted with writing and editing the manuscript, figures and
tables. AH, TM, MP, AF, and MK conceived and designed the
experiment. All authors contributed to the article and approved
the submitted version.

FUNDING

This work was funded by the German Federal Institute of Sport
Science and realized within the project REGman-Optimization
of Training and Competition: Management of Regeneration
in Elite Sports (grant number IIA1-081901/12-20). Moreover,
we acknowledge support by the DFG Open Access Publication
Funds of the Ruhr University Bochum.

Balk, Y. A, and Englert, C. (2020). Recovery self-regulation in sport: theory,
research, and practice. Int. J. Sports Sci. Coach. 15, 273-281. doi: 10.1177/17479
54119897528

Beckmann, J., and Kellmann, M.
approaching
stress.  Psychol.  Rep. 95,
1153

Berry, R. B., Budhiraja, R., Gottlieb, D. J., Gozal, D., Iber, C., Kapur, V. K,, et al.
(2012). Rules for scoring respiratory events in sleep: update of the 2007 AASM
manual for the scoring of sleep and associated events. J. Clin. Sleep Med. 8,
597-619. doi: 10.1080/10543400701329422

(2004). Self-regulation and recovery:
an understanding of the process of recovery from
1135-1153.  doi:  10.2466/pr0.95.3f.1135-

Frontiers in Psychology | www.frontiersin.org

December 2020 | Volume 11 | Article 558856


https://doi.org/10.1177/0963721411414534
https://doi.org/10.1177/1359105317705980
https://doi.org/10.21091/mppa.2018.4038
https://doi.org/10.1177/1747954119897528
https://doi.org/10.2466/pr0.95.3f.1135-1153
https://doi.org/10.1080/10543400701329422
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles

Loch et al.

Effects of Mental Recovery Strategies

Blasche, G., Szabo, B., Wagner-Menghin, M., Ekmekcioglu, C., and Gollner, E.
(2018). Comparison of rest-break interventions during a mentally demanding
task. Stress Health 34, 629-638. doi: 10.1002/smi.2830

Boksem, M. A. S., Meijman, T. F., and Lorist, M. M. (2005). Effects of mental
fatigue on attention: An ERP study. Cogn. Brain Res. 25, 107-116. doi: 10.1016/
j.cogbrainres.2005.04.011

Boksem, M. A. S., Meijman, T. F., and Lorist, M. M. (2006). Mental fatigue,
motivation and action monitoring. Biol. Psychol. 72, 123-132. doi: 10.1016/j.
biopsycho.2005.08.007

Carney, C. E., Moss, T. G., Lachowski, A. M., and Atwood, M. E. (2014).
Understanding mental and physical fatigue complaints in those with depression
and insomnia. Behav. Sleep Med. 12, 272-289. doi: 10.1080/15402002.2013.
801345

Cohen, J. (1992). A power primer. Psychol. Bull. 112, 155-159.

Coutts, A.J. (2016). Fatigue in football: it's not a brainless task! J. Sport Sci. 34:1296.
doi: 10.1080/02640414.2016.1170475

De Bloom, J., Sianoja, M., Korpela, K., Tuomisto, M., Lilja, A., Geurts, S. A., et al.
(2017). Effects of park walks and relaxation exercises during lunch breaks on
recovery from job stress: two randomized controlled trials. J. Environ. Psychol.
51, 14-30. doi: 10.1016/j.jenvp.2017.03.006

Debarnot, U., Castellani, E., Valenza, G., Sebastiani, L., and Guillot, A. (2011).
Daytime naps improve motor imagery learning. Cogn. Affect. Behav. Neurosci.
11, 541-550. doi: 10.3758/s13415-011-0052-z

Dolbier, C. L., and Rush, T. E. (2012). Efficacy of abbreviated progressive muscle
relaxation in a high-stress college sample. Int. J. Stress Manag. 19, 48-68.
doi: 10.1037/a0027326

Eccles, D. W., and Kazmier, A. W. (2019). The psychology of rest in athletes:
an empirical study and initial model. Psychol. Sport Exerc. 44, 90-98.
doi: 10.1016/j.psychsport.2019.05.007

Englert, C. (2016). The strength model of self-control in sport and exercise
psychology. Front. Psychol. 7:314. doi: 10.3389/fpsyg.2016.00314

Englert, C. (2017). Ego depletion in sports: highlights the importance of self-
control strength for high-level sport performance. Curr. Opin. Psychol. 16, 1-5.
doi: 10.1016/j.copsyc.2017.02.028

Ficca, G., Axelsson, J., Mollicone, D. J., Muto, V., and Vitiello, M. V.
(2010). Naps, cognition and performance. Sleep Med. Rev. 14, 249-258.
doi: 10.1016/j.smrv.2009.09.005

Giboin, L.-S., and Wolff, W. (2019). The effects of ego depletion or mental fatigue
on subsequent physical endurance performance: a meta-analysis. Perform.
Enhanc. Health 7:100150. doi: 10.1016/j.peh.2019.100150

Guo, W, Ren, J., Wang, B., and Zhu, Q. (2015). Effects of relaxing music on
mental fatigue induced by a continuous performance task: behavioral and ERPs
evidence. PLoS ONE 10:0136446. doi: 10.1371/journal.pone.0136446

Heidari, J., Koélling, S., Pelka, M., and Kellmann, M. (2018). “Monitoring
the recovery-stress state in athletes,” in Sport, Recovery and Performance:
Interdisciplinary Insights, eds M. Kellmann and J. Beckmann (Abingdon:
Routledge), 3-18.

Hof zum Berge, A., Kellmann, M., Kallweit, U., Mir, S., Gieselmann, A., Meyer, T,
et al. (2019). Portable PSG for sleep stage monitoring in sports: assessment of
SOMNOwatch plus EEG. Eur. . Sport Sci. 20, 713-721. doi: 10.1080/17461391.
2019.1659421

Kaplan, S. (1995). The restorative benefits of nature: Toward an integrative
framework. J. Environ. Psychol. 15, 169-182. doi: 10.1016/0272-4944(95)
90001-2

Kato, Y., Endo, H., Kobayakawa, T., Kato, K., and Kitazaki, S. (2012). Effects of
intermittent odours on cognitive-motor performance and brain functioning
during mental fatigue. Ergonomics 55, 1-11. doi: 10.1080/00140139.2011.
633175

Keilani, M., Hasenohrl, T., Gartner, 1., Krall, C., Firnhammer, J., Cenik, F., et al.
(2016). Use of mental techniques for competition and recovery in professional
athletes. Wien. Klin. Wochenschr. 128, 315-319. doi: 10.1007/s00508-016-
0969-x

Kellmann, M., and Beckmann, J. (2018). “Sport, recovery, and performance: a
concluding summary,” in Sport, Recovery, and Performance: Interdisciplinary
Insights, eds M. Kellmann and J. Beckmann (Abingdon: Routledge), 260-265.

Kellmann, M., Bertollo, M., Bosquet, L., Brink, M., Coutts, A. J., Duffield, R., et al.
(2018). Recovery and performance in sport: consensus statement. Int. J. Sports
Physiol. Perform. 13, 240-245. doi: 10.1123/ijspp.2017-0759

Kellmann, M., and Kélling, S. (2019). Recovery and stress in sport: a manual for
testing and assessment. (Abingdon: Routledge).

Kellmann, M., Kélling, S., and Hitzschke, B. (2016). Das Akutmafl und die
Kurzskala zur Erfassung von Erholung und Beanspruchung im Sport - Manual
[The Acute Measure and the Short Scale of Recovery and Stress for Sports -
Manual] (Hellenthal: Sportverlag Straufl).

Kolling, S., Loch, F., and Kellmann, M. (2019). “Mentale ermiidung und erholung
[Mental fatigue and recoveryl,” in Sport in Kultur und Gesellschaft, ed D.
Hackfort (Berlin: Springer), 1-13.

Kudlackova, K., Eccles, D. W., and Dieffenbach, K. (2013). Use of relaxation
skills in differentially skilled athletes. Psychol. Sport Exerc. 14, 468-475.
doi: 10.1016/j.psychsport.2013.01.007

Le Meur, Y., Hausswirth, C., Abbiss, C., Baup, Y., and Dorel, S. (2010).
Performance factors in the new combined event of modern pentathlon. J. Sports
Sci. 28, 1111-1116. doi: 10.1080/02640414.2010.497816

Lee, K. A., Hicks, G., and Nino-Murcia, G. (1991). Validity and reliability of a
scale to assess fatigue. Psychiatry Res. 36, 291-298. doi: 10.1016/0165-1781(91)
90027-M

Loch, F., Ferrauti, A., Meyer, T., Pfeiffer, M., and Kellmann, M. (2019). Resting
the mind - a novel topic with scarce insights. Considering potential mental
recovery strategies for short rest periods in sports. Perform. Enhanc. Health 6,
148-155. doi: 10.1016/j.peh.2019.04.002

Lorist, M. M., Boksem, M. A. S., and Ridderinkhof, K. R. (2005). Impaired cognitive
control and reduced cingulate activity during mental fatigue. Cogn. Brain Res.
24, 199-205. doi: 10.1016/j.cogbrainres.2005.01.018

Lorist, M. M., Klein, M., Nieuwenhuis, S., De Jong, R., Mulder, G., and Meijman,
T. F. (2000). Mental fatigue and task control: planning and preparation.
Psychophysiology 37, 614-625. doi: 10.1017/S004857720099005X

Lucey, B. P., Mcleland, J. S., Toedebusch, C. D., Boyd, J., Morris, J. C., Landsness,
E. C, et al. (2016). Comparison of a single-channel EEG sleep study to
polysomnography. J. Sleep Res. 25, 625-635. doi: 10.1111/j.1440-1681.2009.
05288.x

MacMahon, C., Schucker, L., Hagemann, N., and Strauss, B. (2014). Cognitive
fatigue effects on physical performance during running. J. Sport Exerc. Psychol.
36, 375-381. doi: 10.1123/jsep.2013-0249

Marcora, S. M., Staiano, W., and Manning, V. (2009). Mental fatigue
impairs physical performance in humans. J. Appl. Physiol. 106, 857-864.
doi: 10.1152/japplphysiol.91324.2008

Martin, K. A, Moritz, S. E., and Hall, C. R. (1999). Imagery use in sport: a literature
review and applied model. Sport Psychol. 13, 245-268.

Nédélec, M., McCall, A., Carling, C., Legall, F., Berthoin, S., and Dupont, G. (2012).
Recovery in soccer: part I - post-match fatigue and time course of recovery.
Sports Med. 42, 997-1015. doi: 10.2165/11635270-000000000-00000

Ortega, E., and Wang, C. J. K. (2018). Pre-performance physiological state: heart
rate variability as a predictor of shooting performance. Appl. Psychophysiol.
Biofeedback 43, 75-85. doi: 10.1007/s10484-017-9386-9

Pageaux, B., and Lepers, R. (2018). The effects of mental fatigue on sport-related
performance. Prog. Brain Res. 240, 291-315. doi: 10.1016/bs.pbr.2018.10.004

Pageaux, B., Marcora, S. M., and Lepers, R. (2013). Prolonged mental exertion does
not alter neuromuscular function of the knee extensors. Med. Sci. Sports Exerc.
45, 2254-2264. doi: 10.1249/MSS.0b013e31829b504a

Pelka, M., Ferrauti, A., Meyer, T., Pfeiffer, M., and Kellmann, M. (2017a). How
does a short, interrupted recovery break affect performance and how is it
assessed? A study on acute effects. Int. . Sports Physiol. Perform. 12, 114-121.
doi: 10.1123/ijspp.2016-0399

Pelka, M., and Kellmann, M. (2017). “Recovery and relaxation in sport and
performance,” in Oxford Research Encyclopedia of Psychology, ed O. Braddick
(New York, NY: Oxford University Press), 1-22.

Pelka, M., Kolling, S., Ferrauti, A., Meyer, T., Pfeiffer, M., and Kellmann, M.
(2017b). Acute effects of psychological relaxation techniques between two
physical tasks. J. Sport Sci. 35, 216-223. doi: 10.1080/02640414.2016.1161208

Rattray, B., Argus, C., Martin, K., Northey, J., and Driller, M. (2015). Is it time
to turn our attention toward central mechanisms for post-exertional recovery
strategies and performance? Front. Physiol. 6:79. doi: 10.3389/fphys.2015.
00079

Robson-Ansley, P. J., Gleeson, M., and Ansley, L. (2009). Fatigue management
in the preparation of Olympic athletes. J. Sport Sci. 27, 1409-1420.
doi: 10.1080/02640410802702186

Frontiers in Psychology | www.frontiersin.org

12

December 2020 | Volume 11 | Article 558856


https://doi.org/10.1002/smi.2830
https://doi.org/10.1016/j.cogbrainres.2005.04.011
https://doi.org/10.1016/j.biopsycho.2005.08.007
https://doi.org/10.1080/15402002.2013.801345
https://doi.org/10.1080/02640414.2016.1170475
https://doi.org/10.1016/j.jenvp.2017.03.006
https://doi.org/10.3758/s13415-011-0052-z
https://doi.org/10.1037/a0027326
https://doi.org/10.1016/j.psychsport.2019.05.007
https://doi.org/10.3389/fpsyg.2016.00314
https://doi.org/10.1016/j.copsyc.2017.02.028
https://doi.org/10.1016/j.smrv.2009.09.005
https://doi.org/10.1016/j.peh.2019.100150
https://doi.org/10.1371/journal.pone.0136446
https://doi.org/10.1080/17461391.2019.1659421
https://doi.org/10.1016/0272-4944(95)90001-2
https://doi.org/10.1080/00140139.2011.633175
https://doi.org/10.1007/s00508-016-0969-x
https://doi.org/10.1123/ijspp.2017-0759
https://doi.org/10.1016/j.psychsport.2013.01.007
https://doi.org/10.1080/02640414.2010.497816
https://doi.org/10.1016/0165-1781(91)90027-M
https://doi.org/10.1016/j.peh.2019.04.002
https://doi.org/10.1016/j.cogbrainres.2005.01.018
https://doi.org/10.1017/S004857720099005X
https://doi.org/10.1111/j.1440-1681.2009.05288.x
https://doi.org/10.1123/jsep.2013-0249
https://doi.org/10.1152/japplphysiol.91324.2008
https://doi.org/10.2165/11635270-000000000-00000
https://doi.org/10.1007/s10484-017-9386-9
https://doi.org/10.1016/bs.pbr.2018.10.004
https://doi.org/10.1249/MSS.0b013e31829b504a
https://doi.org/10.1123/ijspp.2016-0399
https://doi.org/10.1080/02640414.2016.1161208
https://doi.org/10.3389/fphys.2015.00079
https://doi.org/10.1080/02640410802702186
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles

Loch et al.

Effects of Mental Recovery Strategies

Russell, S., Jenkins, D., Rynne, S., Halson, S. L., and Kelly, V. (2019). What is mental
fatigue in elite sport? Perceptions from athletes and staff. Eur J. Sport Sci. 19,
1367-1376. doi: 10.1080/17461391.2019.1618397

Smith, M. R., Marcora, S. M., and Coutts, A. J. (2015). Mental fatigue impairs
intermittent running performance. Med. Sci. Sports Exerc. 47, 1682-1690.
doi: 10.1249/MSS.0000000000000592

Smith, M. R., Thompson, C., Marcora, S. M., Skorski, S., Meyer, T., and Coutts, A.
J. (2018). Mental fatigue and soccer: current knowledge and future directions.
Sports Med. 48, 1525-1532. doi: 10.1007/s40279-018-0908-2

Sonnentag, S., and Fritz, C. (2007). The Recovery Experience Questionnaire:
development and validation of a measure for assessing recuperation
and unwinding from work. J. Occup. Health Psychol. 12, 204-221.
doi: 10.1037/1076-8998.12.3.204

Sonnentag, S., and Fritz, C. (2015). Recovery from job stress: the stressor-
detachment model as an integrative framework. J. Organ. Behav. 36, 72-103.
doi: 10.1002/job.1924

Van Cutsem, J., De Pauw, K., Marcora, S. M., Meeusen, R., and Roelands,
B. (2018). A caffeine-maltodextrin mouth rinse counters mental fatigue.
Psychopharmacology 235, 947-958. doi: 10.1007/s00213-017-4809-0

Van Cutsem, J., Marcora, S. M., De Pauw, K, Bailey, S., Meeusen, R., and
Roelands, B. (2017). The effects of mental fatigue on physical performance:
a systematic review. Sports Med. 47, 1569-1588. doi: 10.1007/s40279-016-
0672-0

Voinescu, B. I, Wislowska, M., and Schabus, M. (2014). Assessment of
SOMNOwatch plus EEG for sleep monitoring in healthy individuals. Physiol.
Behav. 132, 73-78. doi: 10.1016/j.physbeh.2014.04.052

Vrijkotte, S., Meeusen, R., Vandervaeren, C., Buyse, L., Van Cutsem, J., Pattyn,
N., et al. (2018). Mental fatigue and physical and cognitive Performance
during a 2-bout exercise test. Int. J. Sports Physiol. Perform. 13, 510-516.
doi: 10.1123/ijspp.2016-0797

Waterhouse, J., Atkinson, G., Edwards, B., and Reilly, T. (2007). The role of a
short post-lunch nap in improving cognitive, motor, and sprint performance
in participants with partial sleep deprivation. J. Sport Sci. 25, 1557-1566.
doi: 10.1080/02640410701244983

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Loch, Hof zum Berge, Ferrauti, Meyer, Pfeiffer and Kellmann.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Frontiers in Psychology | www.frontiersin.org

13

December 2020 | Volume 11 | Article 558856


https://doi.org/10.1080/17461391.2019.1618397
https://doi.org/10.1249/MSS.0000000000000592
https://doi.org/10.1007/s40279-018-0908-2
https://doi.org/10.1037/1076-8998.12.3.204
https://doi.org/10.1002/job.1924
https://doi.org/10.1007/s00213-017-4809-0
https://doi.org/10.1007/s40279-016-0672-0
https://doi.org/10.1016/j.physbeh.2014.04.052
https://doi.org/10.1123/ijspp.2016-0797
https://doi.org/10.1080/02640410701244983
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles

