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Abstract

Background Mental fatigue (MF) in sports has developed from well-controlled laboratory-based studies to applied
studies with greater ecological validity. Ongoing developments in the representativeness of MF inducement
approaches, including the broad range of sport-specific motor tasks to simulated real-life scenarios, have shown
methodological variability and inconsistent outcomes of effectiveness. Evaluating and comparing these approaches
is essential to provide recommendations for designing inducement tasks in future research and considerations for
practitioners. Therefore, the systematic review aimed to summarize more ecologically valid MF-inducing tasks in
representative sports contexts and to evaluate the MF inducement effectiveness via manipulation check outcomes
and potential after effects on subsequent sport-specific performance.

Methods The review was registered on the PROSPERO database (CRD42024577183). PubMed, Web of Science,
PsycINFO, and SPORTDiscus were searched until 21 August 2024 for studies that applied acute, more ecologically
valid MF-inducing tasks within sports-specific contexts. The MF inducement task design and effectiveness across
representative sports and participants were investigated.

Results Twelve papers were included. Only a quarter of studies presented an overall low risk of bias. The 20-minute
sports-specific motor tasks with cognitive demands and most 30-minute simulated real-life scenarios (i.e., social
media use on smartphones, watching tactical videos, sports-themed videogame play) successfully induced MF in
differing athlete samples. Ineffective MF inducement was attributed to shorter task duration, passive engagement
with sparse cognitive demands, or the involvement of less susceptible participants.

Conclusions This systematic review evaluated MF inducement methodologies with greater ecological validity to
sporting contexts. The inducement effectiveness varied within four task types. Athletes and sports practitioners
should carefully manage the modality and content of pre-competition activities to minimize MF. Future research
should refine and co-design the MF-inducing task with practitioners based on multifaceted MF evidence from
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laboratory and real-life settings, create immersive scenarios that can better replicate the inducement process in
specific contexts, and improve measurement tools, which will provide comprehensive evaluation and verification of

the MF inducement.
Key Points

« The review indicated that 20-minute sports-specific motor tasks with cognitive demands and the majority of
the 30-minute simulated real-life scenarios (i.e., social media use on smartphones, watching tactical videos,
sports-themed videogame play) successfully induced mental fatigue (MF) in differing athlete samples.

A shorter duration, passive engagement with sparse cognitive demands, or inclusion of less susceptible
participants, caused ineffective MF inducement derived from real-life scenarios, highlighting the need for
athletes and sports practitioners to carefully manage the modality and content of pre-competition activities to

minimize MF where optimal performance is desired.

- Future research should co-design inducement tasks with practitioner and researcher input based on
multifaceted MF evidence from laboratory and real-life settings, create immersive scenarios that can better
replicate the inducement process in specific contexts, and improve measurement tools, which will provide
comprehensive evaluation and verification of the MF inducement.

Keywords Mental fatigue, Cognitive fatigue, Inducement, Ecological validity, Representative, Methodology, Sports

context, Real-life scenario

Background

Mental fatigue (MF) is a psychobiological state caused by
high cognitive effort [1], which results from cognitive load
[2]. High cognitive load can be from prolonged activity of
low difficulty/complexity or short-time demand activity
of high difficulty/complexity [3]. Tiredness, lethargy, and
a lack of energy with possible impaired executive func-
tion and/or physical performance characterize MF [4].
This domain has gained significant attention in sports
contexts over the last decade [5]. Laboratory-based stud-
ies indicate the detrimental effects of MF on subsequent
athletic performance, especially on physical endurance
performance [6, 7], sport-specific psychomotor perfor-
mance [8], and team-sports technical/tactical perfor-
mance [9-11]. As research on MF progresses within the
sports domain, questions arise regarding methodologi-
cal approaches to inducing MF. Typical MF inducement
methods, such as computerized key-pressing tasks (e.g.,
Stroop task, AX-Continuous Performance Task), have
been critiqued for limited ecological validity [12, 13].
The lack of similarity to tasks understood in daily train-
ing or competition decreases the representativeness and
applicability of these findings for use in real-world sports
settings.

In response, some methodological considerations and
developments attempt to enhance the ecological validity
of MF-inducing tasks. Ecological validity refers to tasks
that closely resemble the characteristics of a realistic
sporting environment [14]. Taking the soccer training
protocols as an example, a 20-minute whole-body coor-
dination task that consisted of juggling a tennis ball while
stepping on the agility ladder was designed to induce
MEF before small-sided games took place [15]. The suc-
cessful inducement of MF was subjectively identified

through higher cognitive demands when compared with
light general aerobic exercises. Furthermore, an adapted
20-minute repeated soccer-specific skill test (i.e., Lough-
borough soccer passing test, LSPT) including passing,
dribbling, controlling, and decision-making process
was developed [16]. The randomized verbal order of the
unexpected passing targets made the task more mentally
demanding than executing the same motor pattern in a
fixed, clockwise order. These attempts integrate specific
technical movements and corresponding cognitive pro-
cesses to varying degrees, incorporating representative
challenges of time pressure and dynamic environments.
Besides the specific sports training and competition,
many sport- and non-sport-related situations impos-
ing a high cognitive demand can also elicit MF [4]. For
a better understanding of real-life cognitive activities
encountered by athletes, the survey of English academy
soccer players reported that MF was experienced pri-
marily as a result of match-play, but other factors such
as travel, fixture congestion, and study also contributed
to the moderate presence of subjective MF [17]. Beyond
the soccer context, athletes and staff across multiple elite
sports also identified MF caused by additional media
demands, study, and work commitments [12]. Relevantly,
daily commutes to training facilities (e.g., driving the
car, riding the motorcycle or bicycle) may generate cog-
nitive load from the complex traffic conditions, which
could induce MF in athletes [12, 18, 19]. When closer to
the match, athletes’ common activities like pre-match
music, browsing social media, watching videos, and team
meetings may also play a role in mental expenditure [17,
20]. Such insights help inform what cognitively demand-
ing tasks athletes may undertake prior to training and
competition, and which may be inducing of MF and its
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subsequent performance effects. The representative sce-
narios could be extracted and simulated for MF induce-
ment design in real-world settings and to investigate the
after effects on performance. Advantageously, the MF
research domain in sports has developed from well-con-
trolled laboratory-based studies with high internal valid-
ity to applied studies with more real-world validity [4].
Ongoing developments and applications, including
the broad range of sport-specific motor tasks to simu-
lated real-life scenarios, combined with methodological
variability of the specific manipulation and evaluation,
have contributed to inconsistent outcomes of effective-
ness. For instance, a 30-minute smartphone use could
induce MF in professional soccer players and impair
passing decision-making performance [21], while a lon-
ger exposure of 45 min caused no behavioral and per-
ceptual changes in amateur triathletes [22]. Similarly, the
30-minute smartphone use-induced MF could negatively
affect subsequent 100/200-meter swimming, but have
no impact on 50-meter swimming [23]. As the research
progresses in broader sports contexts, it is necessary to
systematically review, summarize, and evaluate the novel
methodological applications for MF inducement pur-
poses with more ecological validity across specific sports.
Therefore, the review aims to: (1) summarize more eco-
logically valid MF-inducing tasks and the representative
sports contexts, and (2) evaluate the effectiveness of MF
inducement tasks via manipulation check outcomes and
potential after effects on subsequent sport-specific per-
formance. By evaluating methodological aspects across
sports with a standardized perspective, this review will
provide applied recommendations for inducement meth-
odologies of future studies, which may have significant
implications for advancing knowledge and practice.

Table 1 PICOS overview
Population

Healthy adults (18-50 years) with sports experi-
ence or athletes of all ages

Interventions Single, acute mental fatigue-inducing task
with ecological validity (a dynamic motor task
including representative elements to replicate
sports reality, or the simulated real-world
scenarios encountered by athletes for mental
fatigue inducement) before the corresponding

specific sports activity

Periods/activities that intended to induce non-
or less mental fatigue, or traditional laboratory
computerized key-pressing tasks

Manipulation check of mental fatigue induce-
ment effectiveness (with subjective/behavioral/
(neuro)physiological measurements); athletic
performance on subsequent sport-specific
tasks as a supplementary behavioral marker

Comparisons

Outcomes

Study Design Original experimental research
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Methods

This systematic review was registered on PROSPERO
(CRD42024577183) and conducted by following the
PRISMA (Preferred Reporting Items for Systematic
Review and Meta-analyses) guidelines [24].

Eligibility Criteria

The predominant objective of this systematic review was
to examine the methodology of more ecologically valid
MF-inducing tasks within the context of specific sports.
The MF inducement task design, the inducement effec-
tiveness, the representative sports and participant char-
acteristics were investigated. In the current review of the
acutely induced MF state, the maximum of one day (i.e.,
24 h) was set as the cut-off of the longest MF-inducing
task duration to differentiate from the chronic MF or
MEF trait [25, 26]. Any other multifaceted fatigue con-
cept (e.g., burnout) was excluded. Due to the inconsistent
terminology used in this field to describe mental fatigue
state, cognitive fatigue, self-control strength depletion,
and ego depletion were accepted as possible equivalent
concepts at first screening [6].

To establish the detailed search strategy for this sys-
tematic review and the inclusion criteria, the PICOS
categories (Population, Intervention, Comparison, Out-
comes, and Study design, see Table 1) were applied for
screening titles, abstracts, and/or the full text of papers.

The eligible population included healthy adults (i.e.,
aged 18-50 years) with sports experience as well as all-
age athletes (i.e., no age limit for participants with defined
athletic identity). The experimental intervention was
an acute ecologically valid task with the purpose of MF
inducement for its after effect verification. This review
detailed the novel MF inducement application as either
a dynamic motor task including representative elements
to replicate sports reality or real-world scenarios encoun-
tered by athletes for MF inducement before the corre-
sponding specific sports activity. Clinical interventions,
concurrent interventions (e.g., MF inducement combined
with muscular fatigue, sleep deprivation, nutrition, or
heat condition), long-term single intervention over 24 h,
or repeated interventions that last more than one day
were excluded. For the control condition, periods/activi-
ties that intended to induce non- or less mental fatigue,
or traditional laboratory computerized key-pressing
tasks were set for the MF inducement comparison.

Since the effectiveness of the MF-inducing interven-
tion was the primary aim for review outcomes, manipula-
tion checks of MF within expected tasks were necessary
for the inclusion. Consistent with other reviews in this
domain, three markers of induced MF were categorized
into (1) subjective perception (e.g., self-reported MF on
a scale); (2) behavior (e.g., cognitive/physical/technical
performance); (3) (neuro)physiological measurement
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(e.g., brainwave activity on electroencephalogram (EEG))
[8, 27]. The successful inducement of the MF state was
defined as the significant alteration of at least one marker
immediately after the experimental intervention [27].
Considering the individual differences in MF susceptibil-
ity [28], the subsequent sport-specific performance was
examined between conditions as a supplementary behav-
ioral marker for the MF inducement effectiveness, if the
manipulation check failed. Studies that entirely neglect
manipulation check sessions were excluded.

Regarding the study design, only original experimen-
tal research was included. The sports specificity of the
subsequent performance task needed to be consistent
with the represented sports context of MF inducement.
Where this was not the approach, for example, stud-
ies that used inconsistent isometric movement tasks
(e.g., wall-sit), local motor tasks (e.g., bench press, lower
limbs maximum voluntary contraction), general physical

Table 2 Keyword strings applied to the databases and the hits

results for the complete search strategy

Database Keywords string + applied filter (language: Hits

English) by

21
Au-
gust
2024

2573

PubMed (("mental fatigue“[MeSH]) OR (“mental fatigue”)
OR (“cognitive fatigue”) OR (‘mental strain”) OR
("cognitive strain”) OR (‘mental exertion”) OR
("cognitive exertion”) OR (“ego depletion”)) NOT
("patients” OR “burnout” OR “animals” OR “mice”
OR “rats” OR “stroke” OR “traumatic brain injury”
OR“multiple sclerosis” OR “Parkinson” OR “diabe-
tes”" OR “disease” OR “Neoplasms” OR “Infections”)
ALL=(("mental fatigue”) OR (“cognitive fatigue”)
OR (“mental strain”) OR (“‘cognitive strain”) OR
("mental exertion”) OR (‘cognitive exertion”)

OR (“ego depletion”)) NOT ALL=("patients” OR
"burnout”OR “animals” OR “mice” OR “rats" OR
“stroke” OR “traumatic brain injury” OR "multiple
sclerosis” OR “Parkinson” OR “diabetes” OR “dis-
ease” OR “Neoplasms” OR “Infections”)

Web of
Science

3597

PsycINFO (("mental fatigue”) OR (“cognitive fatigue”) 1689
OR (“‘mental strain”) OR (‘cognitive strain”) OR

("mental exertion”) OR (“‘cognitive exertion”) OR

("ego depletion”)) NOT (“patients” OR “burnout”
OR"animals” OR "mice” OR "rats” OR “stroke” OR
“traumatic brain injury” OR “multiple sclerosis”

OR "Parkinson” OR “diabetes” OR “disease” OR
“Neoplasms” OR “Infections”)

TX (("mental fatigue”) OR (“cognitive fatigue”) 1182
OR (“mental strain”) OR (‘cognitive strain”) OR

("mental exertion”) OR (‘cognitive exertion”) OR

("ego depletion”))) NOT TX ((“patients” OR “burn-
out”OR "animals” OR “mice” OR “rats” OR “stroke”

OR "traumatic brain injury” OR “multiple sclero-

sis" OR “Parkinson” OR “diabetes” OR “disease” OR
“Neoplasms”OR “Infections”))

SPORTDiscus
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capacity screening (e.g., balance, dexterity), or other
static computerized tasks that lack sports specificity (e.g.,
video-based visual task, static virtual task) following MEF-
inducing interventions, were excluded.

Information Sources and Search Strategy

The literature sources used in this review included
PubMed (best match option), Web of Science (all data-
bases searched), PsycINFO, and SPORTDiscus database.
All databases were searched and updated up to the 21st
of August 2024. Filters applied were: English language
and article/peer-reviewed journal paper publication.
Table 2 reports an overview of the keyword strings used
in the different databases and the results. In addition,
the reference lists of included studies were screened to
ensure the search was as exhaustive as possible.

Study Selection and Data-Collection Process

After executing the search strategy of keywords and fil-
ters, all studies from the four different databases were
gathered and imported into Rayyan [29]. After removing
duplicates, two authors (CB and AM) screened the stud-
ies by checking titles and abstracts independently and
blinded from each other. The system combined decisions
from the two reviewers, and any “Maybe” or “Conflict”
was double-checked and resolved with author EL. Fol-
lowing the first stage, the screening process progressed
with two authors (CB and AM) who assessed the remain-
ing full-text articles against the inclusion criteria for eli-
gibility. Where disagreement still existed after a mutual
discussion, authors BR and SR made the final decision.

Extracted Information and Variables of Interest

According to the purposes of the review, the meth-
ods section of the selected studies was first screened.
Extracted details included: the representative sports
contexts and participant characteristics, the detailed
MF-inducing task design, the control condition(s), the
subsequent sport-specific task, and the manipulation
check of the MF inducement. Additionally, the outcomes
of the manipulation check sessions and the potential after
effects of induced MF on specific athletic performance
were extracted for further evaluation of MF induce-
ment effectiveness. Any significant changes were catego-
rized into subjective, behavioral, or (neuro)physiological
markers.

Risk of Bias Assessment

According to an overview of the study design, the Revised
Cochrane Risk of Bias tool for randomized trials (RoB 2)
[30] was considered suitable and utilized to assess the
risk of bias in each study by two authors (CB and AM)
independently. As provided in the tool, each of the five
general bias evaluation dimensions received a rating that
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was either “low risk’, “some concerns’, or “high risk” of
bias. Subsequently, an overall judgment was made. The
authors adhered to the guidelines from the Cochrane
community. Any disagreement from both sides was
resolved through discussion and consensus with another
author (EL).

Results

The full study selection process is presented in Fig. 1.
The database search resulted in 9041 hits, of which 5660
remained after the duplicates were excluded. The remain-
ing titles and abstracts were then screened, leading to the

Fig. 1 Flowchart of the selection process

)
Records identified from:
Databases (n = 9041)
g PubMed (n = 2573)
]
5.‘:.’. Web of Science (n = 3597) —> Duplicate records removed (n = 3381)
=
§ PsycINFO (n = 1689)
SPORTDiscus (n = 1182)
Reference lists (n = 0)
—
) Records excluded (n = 5612)
Wrong publication type (n = 623)
Records screened Wrong study design (n = 490
g study design ( )
(n=5660) Wrong population (n = 1265)
Wrong research topic (n = 2482)
)
E Wrong intervention (n=752)
D
E
@
Reports excluded (n = 36)
Reports assessed for eligibility Wrong intervention (n = 25)
—> . . _
(n=48) Local motor as post-intervention task (n = 6)
Static video as post-intervention task (n = 3)
\ Long-term repeated intervention design (n = 2)
<
3 Studies included in review
=
E n=12)
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thorough assessment of 48 full-text papers for eligibility.
Ultimately, 12 papers were included in the review.

Study Quality

Half of the included studies showed an overall risk of
bias with some concerns, and 25% were with high risk
(see Fig. 2 within the study and Fig. 3 across studies). The
main issue regarding the randomization process was the
lack of double-blind manipulation when allocating the
participants and examiners to conduct the MF induce-
ment. Moreover, the acquiescence bias from the respon-
dents’ self-reported MF and the expectancy effect from
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D4 Measurement of the outcome ‘ High risk
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Fig. 2 Risk of bias within the study

Overall Bias

Selection of the reported result

=
Measurement of the outcome

Missing outcome data

Deviations from intended interventions

Randomization process
0% 25% 50% 75% 100%

= Low risk Some concerns m High risk
Fig. 3 Risk of bias across studies

Sports Contexts and Participant Characteristics
the researchers might have already increased, causing Analysis of the sports contexts showed that more ecolog-
concern about the selection of the reported results. ical inducement of MF mainly occurred in team sports,
with soccer [15, 16, 21, 31, 32] being the most involved,
followed by basketball [33-35]. Others included sprints
[36], freestyle swimming [23], long-distance swimming
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of the triathlon [22], and boxing [37]. All subsequent
sports-specific motor tasks implemented to verify the
after effects of induced MF were within the same sports
[15, 16, 21-23, 31-37]. Generally, participants were
youth (15.9-17.2 years) or adult (20.0-27.9 years) ath-
letes at > Tier 2 level [38] (for details see Table 3).

Mental Fatigue Inducement Task Design

The included MF inducement tasks were classified into
two main categories; sports-specific motor tasks [15, 16],
and simulated scenarios extracted from athletes’ real-life
activities. The applied simulated scenarios were further
divided into three types; tactical video-based tasks [31,
33, 34], social media use on smartphones [21-23, 32, 36,
37], and sports-themed videogame play [32, 35, 37] (for
details see Table 3). Except for the two 20-minute motor
tasks with cognitive demands [15, 16] and one 30-minute
60-time tactical clip display with subsequent decision-
making answers (i.e., during every 30-second block, 15 s
for ticking a movement choice after watching a 6-second
video display) [31] that were designed intermittently, the
others were all consecutive 15 to 60-minute exposures to
tactical videos or social media contents or videogames.

Evaluation of the MF Inducement Effectiveness

Generally, subjective MF on the visual analog scale
(MVAS) [15, 16, 22, 23, 33—-37] and the reaction perfor-
mance of short-version computerized Stroop tasks [16,
21-23, 32, 35-37] were broadly used before and after the
interventions to check the MF manipulations. Physiologi-
cal approaches were less commonly employed, with only
two studies added to identify MF state by heart rate vari-
ability (HRV) indicators [23] and EEG records [35] (see
Table 4).

Inducement Effectiveness of Specific Motor Tasks

Twenty minutes of whole-body coordination drill on the
agility ladder and the passing skill-based task induced the
MEF in soccer players, as indicated by elevated MVAS and
significant behavioral after effects. The whole-body coor-
dination task led to a decreased ability in spatial explo-
ration and positioning for tactical formation [15] during
the small-sided game. The soccer passing skill-based task
resulted in lower technical stability and passing accuracy
during subsequent LSPT [16].

Inducement Effectiveness of Tactical Video-based Tasks

Tactical video-based tasks showed contradictory effec-
tiveness for the MF inducement. Two of three stud-
ies failed to induce MF according to the manipulation
check outcomes, only higher mental effort feelings were
reported [31, 34]. Further evaluating the subsequent
performance, no significant impact on the elite bas-
ketball players’ shooting performance was shown by
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watching the tactical video [34]. The passes and the suc-
cess rate during the small-sided game did not decrease
but increased among the national youth soccer players
after intermittently watching tactical clips with decision-
making answers [31]. Contrarily, watching a similar bas-
ketball tactical video induced the MF state of amateur
players, with elevated subjective MF and reduced free
throw accuracy observed [33].

Inducement Effectiveness of Social Media Use on
Smartphones

The executed tasks exhibited inconsistent MF induce-
ment effectiveness. A 45-minute social media exposure
failed to elicit MF as indicated by MVAS and the 30-stim-
uli version Stroop task among amateur triathletes [22].
Additionally, no specific performance or behavioral (i.e.,
kicking, stroking, breathing) alterations were observed in
subsequent endurance swimming [22]. Among the other
five studies, three showed significantly higher MVAS
after the MF inducement tasks [23, 36, 37]. Simultane-
ously, the MF inducement effectiveness was verified by
increased response time during different short-version
(i.e., 30-stimuli [23, 37], and 45-stimuli [36]) Stroop
tasks. One study included HRV indicators (interbeat
intervals between all successive heartbeats and deriva-
tive calculations, for details see Table 4), which showed
all declines from initial to post-swimming races regard-
less of the intervention [23]. The 30-minute inducement
tasks hindered amateur boxers’ attack and defense deci-
sion-making performance in simulated combats [37], and
international-level swimmers’ speed in simulated 100
and 200 m freestyle swimming races, except the 50-meter
race performance [23]. Extending the exposure to 60 min
did not impact the simulated 100, 200-meter dash per-
formance in collegiate sprinters [36]. The remaining two
studies verified the MF inducement after 30 or 45-minute
exposure only by behavioral changes. Professional soccer
players showed decreased response speed and accuracy
in the 62-stimuli Stroop task and worsened passing deci-
sion-making performance during the simulated match
[21, 32]. However, the 15-minute exposure did not result
in any significant change, thus failing to induce MF [21].

Inducement Effectiveness of Sports-themed Videogame Play

The 30-minute soccer-themed videogame caused a sig-
nificant decline in response speed and accuracy of the
62-stimuli computerized Stroop task [32]. The induced
MF further hindered subsequent passing decision-mak-
ing performance. Playing the same duration of a boxing-
themed videogame, the effective MF inducement was
proved by MVAS and the decreased response speed on
the 30-stimuli computerized Stroop task [37]. Boxing-
specific attack and defense decision-making performance
in simulated combats were also reported [37]. Following
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Table 3 Overview of mental fatigue-inducing task and control design, representative sports, participants, and subsequent sports-

specific tasks

Induce- Study Sports Participants (Sex, MF-inducing task Control Subse-
ment type contexts Age, Athletic Task Content Feature quent
& competition sports-spe-
level) cific task
Sports-spe-  [15] Soccer M=12 20 min Whole- Seven different Intermittent, 20 min Light Soccer SSG
cific motor  Coutin- 159408 yr body coordination stepping exercises 4 m practice general aerobic
task ho, Highly trained motor task in a ladder drill with 26 m re- exercises
etal, amateur while jugglinga  covery distance,
2017 Regional tennis ball unfamiliar
competition techniques with
coordination
[16] Soccer M=15 20 min Soccer 10 times repeated  Intermittent, 1.20 min Soccer LSPT
Bian, 220+25yr passing skill-based LSPT, receiving, 16 passes a computerized
etal, Well-trained task control, dribbling, block, interval  Stroop task
2021 collegiate and passing the  with about 75s 2. 20 min motor
Provincial ball to targets between, 160 task of 10 times
competition indicated by ran-  times in total, LSPT with clock-
domized verbal specific skills wise passing
order as fastand  with decision-  order
accurately as making process
possible
Tactical [33] Basketball M=19 30 min Basketball  Tactical videos Consecutive, Condition after  Basketball
video-based Filipas, 20+3yr tactical video created based on  watchingand 5 min standard- 60 Free
task etal, Amateur comprehension the athletic level, comprehension ized warm-up throws
2021 Regional after the video, of basketball-
competition 12 questions specific tactics
were set to check
attention
[34] Basketball M=15 30 min Basketball  Basketball-specific Consecutive, 1.30 min Basketball
Daub, 202+12yr tactical video film, the terminol-  watching Computerized 60 Free
etal, Elite collegiate watching ogy for the tactics  basketball-spe-  Stroop task throws and
2022 National top of offensive and cific tactics 2.30min Emo- 4 min jump
competition defensive plays tionally neutral ~ shooting on
documentary 7 locations
[31] Soccer ?7=10 30 min Video- Top-view clips of  Intermittent, 30 min Emo- Soccer SSG
Ciocca, 172409 yr based tactics 30 defenseand 30 6sclip, 15sto  tionally neutral
etal, National decision-making  attack situations  tickone of the ~ documentary
2022 National U18 from Italian top 3 choices, 4 s
competition matches, the stat-  black screen

ic image showed
the final scene as
a cue, choos-

ing next tactical
movement on the
paper

and 3 s count-
down as the
interval
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Table 3 (continued)
Induce- Study Sports Participants (Sex, MF-inducing task Control Subse-
ment type contexts Age, Athletic Task Content Feature quent
& competition sports-spe-
level) cific task
Social media [21] Soccer M=20 15/30/45 min Visual content Consecutive, 30 min Coach-  Soccer
use on Fortes, 24.7+36yr Social media of social media only using ing video simulated
smartphone etal, Professional apps use on apps (WhatsApp,  the apps, no documentary full-size
2019 State competition smartphone Facebook, and speaking match
Instagram)
[23] Freestyle F=11M=14 30 min Social Visual content Consecutive, 30 min Coach-  Freestyle
Fortes, swimming 204+2.06 yr media apps use of social media only using ing video swimming
etal, International on smartphone apps (WhatsApp,  the apps, no documentary simulated
2021 International Facebook, and speaking 50/100/200
and national Instagram) m races
competitions
[36] 100/200m  M=16 60 min Social Visual content Consecutive, 1.60 min Sprints
Fortes,  Sprint 21.0+09yr media apps use of social media only usingthe  Computerized  simulated
etal, Collegiate on smartphone apps (WhatsApp, — apps, write, Stroop task 100/200 m
2021 National university Facebook, and read, and insert  2.60 min dash
competition Instagram) content posts  Coaching video
of photosand ~ documentary
videos
[22] Triathlon M=7 45 min Smart- Visual content Consecutive, 1.45 min AX- Front crawl
Qua- swimming 279+7.0yr phone use fromall installed  watching the CPT task swimming
gliarot- Tier 2 apps screen and 2.45 min test (6 times
ti, etal, ? switching Neutral mood 200 m at
2023 apps, no vid- documentaries  individual
€0s>2 min and average
no music speed and
last 200 m
all out)
[32] Soccer M=25 30 min Social Visual content of ~ Consecutive, 30 min Adver- Soccer
Fortes, 234+28yr media apps use social media apps using the apps  tisement videos  simulated
etal, Professional on smartphone (Facebook and full-size
2020 State competition Instagram) match
[37] Boxing F=8M=13 30 min Social Visual content Consecutive, 30 min Coach-  Boxing
Fortes, 23.33+346yr media apps use of social media only using ing video simulated
etal, Amateur on smartphone apps (WhatsApp,  the apps, no documentary combats (4
2023 National or region- Facebook, and speaking rounds of
al competition Instagram) 2 min, T min

interval)
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Table 3 (continued)

Page 10 of 17

Induce- Study Sports Participants (Sex, MF-inducing task Control Subse-
ment type contexts Age, Athletic Task Content Feature quent
& competition sports-spe-
level) cific task
Sports- [32] Soccer M=25 30 min Soccer- Soccer-themed Consecutive, 30 min Adver- Soccer
themed Fortes, 234+28yr themed video- videogame, FIFA  playing console, tisement videos simulated
videogame  etal, Professional game play 2018 in third-person full-size
play 2020 State competition version match
[37] Boxing F=8M=13 30 min Boxing- Boxing-themed Consecutive, 30 min Coach-  Boxing
Fortes, 23.33+346yr themed video- videogame, Fight  playing console, ing video simulated
etal, Amateur game play Night Round 3 in first-person  documentary combats (4
2023 National or region- version, No rounds of
al competition speaking 2min, T min
interval)
[35] Basketball M=14 60 min Basketball- Basketball- Consecutive, 60 min Coach-  Basketball-
Faro, 243+4.1yr themed video- themed paired by ing video specific
etal, Tier 3 game play videogame, NBA  playing level, documentary test (6 min
2023 National Live 19 playing console, visuomotor
competition in third-person task with
version bouncing
the ball, 60
times touch
4-color
sensors)

Sex represents sex assigned at birth; F, female; M, male; ?, unclear; yr, year; min, minute; s, second; m, meter; SSG, small-sided game; LSPT, Loughborough Soccer
Passing Test; AX-CPT, AX-continuous performance task; FIFA, Federation Internationale de Football Association; NBA, The National Basketball Association; App,

mobile application

the 60-minute basketball-themed videogame play,
national basketball players showed higher MVAS and
response time for the 40-stimuli Stroop task. Increased
theta waves on the left prefrontal electrode (i.e., Fpl)
in EEG records provided further evidence of effective
inducement as suggested by previous studies [35, 39, 40].
Videogame-induced MF impaired subsequent reaction
performance on a visuomotor test involving basketball-
bouncing movements [35].

Discussion

This systematic review aimed to summarize the MEF-
inducing tasks with greater ecological validity with
regard to sports training and performance and evaluate
their inducement effectiveness. The included sports-
specific motor tasks and simulated athletes’ real-life sce-
narios addressed the primary consideration of ecological
validity by incorporating representative sports elements
or simulating daily scenarios that athletes face in real-
world settings into task designs. However, the review also
highlighted considerable variability in the effectiveness
of these specific approaches, and nuances to consider for
the application of representative MF-inducing tasks.

Stance on Ecological Validity of MF Inducement in Sports

Ecological validity is mainly used to discuss whether
experimental research resembles and generalizes to the
‘real world’ [41]. During the progress of studies inducing
MEF in sports, researchers adopted this term (i.e., ‘limited’

ecological validity) [10, 12, 13] to critically evaluate pre-
vious fundamental studies, especially for the purpose
of translating laboratory-based evidence into practice.
However, it is unrealistic for ecological validity to imply
that research should always occur during open analysis of
performance, since control is necessary for participants
to exhibit truthful behaviors [42]. Given the importance
of maintaining the experimental control, first manipulat-
ing cognitive load by employing an isolated, static task in
the fundamental studies to induce MF, holds scientific
rigor. Therefore, based on these perspectives, the current
systematic review does not take an adversarial position
towards previous traditional research, nor does it advo-
cate that an event occurring in real life (e.g., transcrib-
ing task [43—45]) inherently results in high ecological
validity to a particular sports environment. Considering
the challenges in determining the specific nature of the
‘ecologically valid standard, the inclusion criteria were
established to focus on dynamic motor tasks that involve
sports-specific elements or applications of simulated cog-
nitive-demanding scenarios encountered in athletes’ real
lives.

Effectiveness of Different MF Inducement Tasks
Sports-specific Motor Tasks

The review identified two primary approaches: whole-
body coordination and soccer passing skill-based
tasks. Both methods showed effectiveness in induc-
ing MF in soccer players after 20 min. The whole-body
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Table 4 Evaluation of the mental fatigue inducement effectiveness of different tasks

Page 11 of 17

Induce- Study MF-inducing Evaluation of MF inducement effectiveness Effec-
ment Type task Subjective pehavioral markers (Neuro)- tiveness
marker Post-inducement manipula- Subsequent athletic ph)(sio- Conclusion
tion check performance logical
marker
Sports-spe-  [15] 20 min Whole- MVAS + / Tactical-related positioning / Y
cific motor  Coutinho, body coordination performance -
task etal, motor task (SSG contraction speed -, lateral
2017 synchronization time -)
[16] Bian, 20 min Soccer MVAS + Cognitive performance of Technical performance - / Y
etal, passing skill-based 3 min computerized Stroop (LSPT passing accuracy -, techni-
2021 task task X cal stability -)
Tactical [33] 30 min Basketball  MVAS + / Technical performance - / Y
video-based Filipas, et tactical video (shooting accuracy -)
task al, 2021 comprehension
[34] 30 min Basketball ~ MVAS X / Technical performance X / N
Daub, et  tactical video (VAS- (shots made, shots missed X)
al, 2022 watching mental
effort +)
[31] 30 min Video- / / Physical performance X / N
Ciocca, et based tactics (VAS- Technical performance +
al, 2022 decision-making  mental (passes, successful passes +)
effort +)
Social media [21] 15/30/45 min / Cognitive performance of 62 Passing decision-making / 30,45 min
use on Fortes, et  Social media stimuli computerized Stroop  performance - Y
smartphone al, 2019  apps use on task - (performance after 30/45 min 15min N
smartphone (after 30/45 min tasks, re- task -)
sponse speed -, accuracy -) Technical performance X
(passes X)
[23] 30 min Social MVAS + Cognitive performance of 30 Swimming performance — HRV:R-R Y
Fortes,et media apps use stimuli computerized Stroop  (100/200 m speed -, 50 m speed interval,
al, 2021 onsmartphone task - X) SDNN,
(response speed -) RMSSD,
pNN50 X
[36] 60 min Social MVAS + Cognitive performance of 45 100/200 m dash performance X/ Y
Fortes, et media apps use stimuli computerized Stroop
al, 2021 onsmartphone task -
(response speed -)
[22] 45 min Smart- MVAS X Cognitive performance of 30 Swimming performance X / N
Quagliar- phone use stimuli computerized Stroop ~ biomechanical variables X
otti, et al., task X
2023
[32] 30 min Social / Cognitive performance of 62 Passing decision-making / Y
Fortes, et media apps use stimuli computerized Stroop  performance -
al, 2020 on smartphone task - Technical performance X
(response speed -, accuracy -)  (passes X)
[37] 30 min Social MVAS + Cognitive performance of 30 Boxing decision-making perfor-  / Y
Fortes, et media apps use stimuli computerized Stroop ~ mance -
al, 2023 onsmartphone task - (attack and defense decision-

(response speed -)

making -)
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Table 4 (continued)
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Induce- Study MF-inducing Evaluation of MF inducement effectiveness Effec-
ment Type task Subjective pehavioral markers (Neuro)- tiveness
marker  post.inducement manipula- Subsequent athletic ph){sio- Conclusion
tion check performance logical
marker
Sports- [32] 30 min Soccer- / Cognitive performance of 62 Passing decision-making / Y
themed Fortes, et themed video- stimuli computerized Stroop  performance -
videogame  al, 2020  game play task - Technical performance X
play (response speed -, accuracy -)  (passes X)
[37] 30 min Boxing- MVAS + Cognitive performance of 30 Boxing decision-making perfor-  / Y
Fortes, et themed video- stimuli computerized Stroop ~ mance -
al, 2023 game play task - (attack and defense decision-
(response speed -) making -)
[35] Faro, 60 min Basketball- MVAS + Cognitive performance of 40 Visuomotor performance - EEG: Y
etal, themed video- stimuli computerized Stroop  (speed and accuracy -) theta
2023 game play task - wave on
(response speed -) Fpl +

+, significantly increased; -, significantly decreased; X, unchanged; /, unused; Y, successfully induced; N, failed to induce; VAS, visual analog scale; MVAS, subjective
mental fatigue on the visual analog scale; SSG, small-sided game; LSPT, Loughborough soccer passing test; min, minute; m, meter; HRV, heart rate variability; R-R
interval, interbeat intervals between all successive heartbeats; SDNN, the standard deviation of all interbeat intervals from which artifacts have been removed;
PNN50, the consecutive percentage of R-R interval differences greater than 50 ms; RMSSD, the difference of the quadratic mean of the successive R-R normal

intervals; EEG, electroencephalogram; Fp1, left prefrontal electrode

coordination task emphasized motor coordination under
spatial pressure [15], while the soccer passing skill-based
task focused on accurate decision-making and move-
ment executions under time pressure [16]. The common
feature of the two tasks is adding the active processing
of environmental information from the field into the
serial movement combination. The dynamic task mode
requires selective and sustained attention [46], as well as
challenges players’ ability to inhibit automatic response,
initiated action, or inappropriate behavior, or compete
with distracting stimuli that may compromise perfor-
mance [47]. Incorporation of technical movements and
cognitive requirements may represent part of the ele-
ments from pre-match warm-up protocols, gaining eco-
logical validity of such MF inducement task designs for
performance after effects studies.

Simulated Scenarios in Athletes’ Real-Life Settings

Unlike motor task design simulating soccer-specific pre-
paratory training or pre-match warm-up sessions, the
included studies predominantly isolated athletes to rep-
licate their prolonged use of digital devices (e.g., smart-
phones, tablets) in real-life settings. These experimental
designs are particularly relevant when controlling expo-
sure to social media, videogame, or tactical video content
(e.g., tactics session, team talk) occurring prior to daily
training and competitions.

The use of sports-themed (i.e., soccer, boxing, and bas-
ketball) videogames to induce MF in athletes has shown
consistent effectiveness [32, 35, 37]. These interactive
and immersive videogames recreated authentic match
environments and required athletes to use controllers
to execute movement sequences, thereby providing an

ecological and engaging experience that simulates the
cognitive demands of actual competitions [35]. Despite
the largely seated position, the high-level attention
required, rapid processing of visual information from the
dynamic virtual environment, decision-making under
time pressure, the need for fine-motor control of fin-
gers and hand-eye coordination, all contribute to cogni-
tive load and subsequent potential for inducement of MF
[48-50].

The consecutive use of social media on smartphones
induced MF in all but one included study. Generally,
a minimum of 30 min of exposure to social media con-
tent was effective in inducing MF. The prolonged gazing
and interactive activities on the screen require constant
attention and information processing [51, 52]. Users fre-
quently switch between different types of texts, images,
and videos, which demands continuous cognitive engage-
ment and can lead to cognition overload [53, 54]. This
multitasking process and response to a high volume of
information can exhaust attentional resources [55] and
hinder executive function [56], leading to MF [57]. In
addition, daily social media use often involves emotional
engagement, as users interact with content that can elicit
a wide range of emotions from positive to negative. The
emotional regulation required to process these interac-
tions could further contribute to MF [58, 59]. However,
45-minute smartphone content exposure among ama-
teur triathletes did not induce MF [22]. Participants
were allowed to switch between any apps installed on
the smartphone. The flexible and relaxed nature likely
diluted cognitive load [60] compared to more immer-
sive and forced social media interaction tasks previously
employed. Because social media use on smartphones in



Bian et al. Sports Medicine - Open (2025) 11:82

daily life may be in a more relaxed manner, as opposed
to typically blocked, forced laboratory settings with MF
inducement purposes, this should be considered when
transferring such applications into practice. To standard-
ize such task design and enhance cross-study compara-
bility, researchers should prioritize the quantification
and control of trial/stimulus dosage and type (e.g., spe-
cific social media content and interaction frequency).
Due to the largely static nature, future studies with this
theme may benefit from utilizing (neuro)physiologi-
cal markers (e.g., functional near-infrared spectroscopy
[f-NIRS] and Eye-tracker) throughout social media use.
Furthermore, in this study, a 15-minute warm-up ses-
sion was set between the smartphone exposure and
subsequent swimming races. Low-intensity warm-up
activities can increase arousal and counteract the impacts
of MF by boosting dopamine levels and overall alertness
[61, 62], potentially countering any social media induce-
ment effects. It also suggests that more research should
focus on the arrangement and optimal combinations of
pre-match activities in a limited time window, an area
of interest for athletes and sports practitioners to better
manage and prevent the MF.

Two studies involving watching basketball tactical
videos [33, 34] yielded contrasting effectiveness on MF
inducement. The study that required participants to
watch basketball tactical videos and subsequently answer
12 questions based on the content successfully induced
MEF [33]. Similar to the studies in academic settings, this
active engagement and cognitive demands involved in
the theoretical learning process and prolonged attention
maintenance likely contributed to the higher level of MF
[63, 64]. Contrarily, the other study with solely passive
exposure to a tactics terminology film did not effectively
induce MF. Although the national-level basketball play-
ers self-reported more mental effort after the task, their
shooting performance and MF values showed no signifi-
cant changes [34]. This is consistent with the function of
emotionally neutral documentary viewing tasks that are
widely used as a control due to the low level of cogni-
tive engagement [65, 66]. Additionally, the soccer tactical
video-based task involving intermittent match records
watching and related decision-making answers failed to
induce MF [31]. Despite the active engagement in skills
decision-making related to actual soccer scenarios, the
low stimuli frequency (i.e., one time in the 30-second
block), combined with the fixed response mode of three
known choices under sufficient time, might not reach the
sustained, intense cognitive load necessary to induce sig-
nificant MF [13, 67].
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Variability in Inducement Effectiveness Within One Type of
Task

It is evident that dynamic, structured tasks with intense
cognitive demands and prolonged, active engagement
are generally effective in inducing MF in sports contexts.
Meanwhile, the observed inconsistency in inducement
effectiveness within one type of task indicates the vari-
ability in the design, application, and response of MF-
inducing tasks.

Variable effectiveness in MF inducement can be attrib-
uted to diversity in participants’ features such as age,
athletic level, and prior training and competition expe-
rience [28, 68]. When cross-checking two similar tacti-
cal video-based tasks, the one applied to elite basketball
players competing at the highest national league showed
ineffective inducement [34], while the other induced
MEF successfully in regional amateurs [33]. Consistently,
more experienced athletes were found less susceptible
[45, 69, 70] to induced MF. Meanwhile, different sports
contexts impose unique cognitive and physical demands,
which may shape different natures of fatigue, and in turn,
change the logic of ecological MF inducement. Ecologi-
cally valid MF-inducing task design requires a better
understanding of the contextual differences and repre-
sentative elements in particular sports contexts, as well as
the real-life causations of MF in particular athletes [71].

The duration of exposure to MF-inducing tasks played
an important role. Van Cutsem et al. (2017) proposed
a cut-off value of 30 min that aligns with the mini-
mal cortical activity time required to induce MF [6].
Direct comparisons in one study showed that a shorter
15 min of smartphone use failed to induce significant
ME, whereas 45 min of longer use could induce MF but
caused no more detrimental after effects [21]. However,
two soccer-specific motor tasks could effectively induce
MEF in 20 min [15, 16]. The dynamic, dual-task design
with movement execution and extra cognitive demands
from environmental cues might account for the suc-
cessful inducement in a shorter duration than virtual
tasks [72]. The application for MF inducement needs to
consider manipulating the task variability in duration
and intensity, increasing contextual interference [13] to
mimic athletes’ cognitive activities. Interestingly, Zeuwts
et al. (2021) investigated the Stroop-task-induced MF in
young cyclists with an innovative virtual reality simula-
tor to mimic traffic situations [18], a practical design that
inspires further reappearance in sports scenarios.

The variability in MF inducement effectiveness also
stems from differences in how MF is measured and veri-
fied through manipulation checks and subsequent behav-
ioral assessments. Studies mainly utilizing subjective
indicators such as the MVAS in combination with objec-
tive cognitive performance tests like the short-version
Stroop task tend to provide more robust evidence of MF
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Considerations for Task Design
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Fig. 4 Considerations and practical suggestions

inducement [73, 74]. However, discrepancies arise when
only a single measure is used or when the selected assess-
ment methods are not sensitive enough to detect poten-
tial changes.

Limitations

Although the present review assessed both manipula-
tion checks and the behavioral after effects of potentially
induced MF on subsequent sports-specific performance,
the inherent heterogeneity in detailed task designs,
sports contexts, and athletes’ characteristics, combined
with the limited number of studies, challenged cross-
comparisons within specific inducement approaches. As
indicated by the risk of bias evaluation, randomization
of task allocation and single-blind design for athletes
was commonly guaranteed, but not for the investigators.
There is a possibility that the observer expectancy effect
[75] could interfere with the effectiveness interpretation.
Furthermore, the self-reported MVAS was most utilized
to verify the MF inducement. However, as subjective
feelings inherently synthesize multifactorial information
(e.g., physiological, cognitive, and emotional) inputs, the
assessment tool should be distinguished from, rather
than be interchangeable with, objective measures [76]. In
some studies, the significant elevation of MVAS observed
may also be partially due to the acquiescence bias [13], as
well as influenced by the clear distinction between a cog-
nitively demanding task and casually watching the docu-
mentary, where the MF-inducing purpose could be easily
detected. When interpreting and transferring the conclu-
sions, standardization issues, contextual differences, and
evidence bias should be considered.
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Implications for Future Research and Practice

Future research should focus on enhancing the ecologi-
cal validity of MF-inducing tasks by using sports-specific
motor tasks in open environments or athletes’ real-
life scenarios. Combining qualitative and quantitative
approaches will help better understand MF contributors
and real-life causations in specific sports contexts, lead-
ing to MF inducement tasks that more closely relate to
the demands of training and competition. Incorporating
advanced technologies like virtual and augmented real-
ity may open up the opportunity to create more precise
simulations for MF inducement. Additionally, more bal-
anced studies across diverse participants and sports con-
texts are needed to broaden MF applications. Integrating
multifaceted indicators, including subjective monitor-
ing, behavioral tasks, and (neuro)physiological assess-
ments, throughout the inducement process will improve
the accuracy of MF evaluation. As illustrated in Fig. 4,
the ineffective inducement task design also reflects that
athletes and sports practitioners should be mindful of
managing the duration, content, and engagement forms
of pre-match activities, in case of inducing or aggravating
MEF which may impair performance.

Conclusion

This systematic review evaluated the MF inducement
methodologies in sports contexts with a particular focus
on ecological validity and representative design. The
inducement effectiveness varied within the task type,
suggesting the need for tailored design and standard-
ized evaluation to specific contexts. Findings indicated
that 20-minute sports-specific motor tasks with cognitive
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demands and most of the 30-minute simulated real-life
scenarios successfully induced MF in different athletes.
Where ineffective inducement was observed, this was
due to contributing factors of shorter duration, passive
engagement with sparse cognitive demands, or con-
ducted on less susceptible participants. Athletes and
sports practitioners should carefully manage the modal-
ity and content of the pre-match activities to prevent
inducing or aggravating MF. Future research should
refine and co-design the MF-inducing task with practi-
tioners based on multifaceted MF evidence in the labo-
ratory and real-life settings, create immersive scenarios
that can better replicate the inducement process in spe-
cific contexts, and improve measurement tools, which
will provide comprehensive evaluation and verification of
the MF inducement.

Abbreviations

MF Mental fatigue

PICOS Population, intervention, comparison, outcomes, and study
design

RoB 2 Revised Cochrane risk of bias tool for randomized trials

LSPT Loughborough soccer passing test

MVAS Subjective mental fatigue on visual analog scale

SSG Small-sided game

EEG Electroencephalogram

HRV Heart rate variability

App Mobile application

Acknowledgements

Bart Roelands is a Collen-Francqui research professor. China Scholarship
Council, entrusted by the Chinese Government, sponsors Chao Bian to pursue
study in Belgium. We would like to thank the Strategic Research Program
Exercise and the Brain in Health & Disease: The Added Value of Human-
Centered Robotics (SRP17 and SRP77) and the Research Council of the Vrije
Universiteit Brussel for their valuable contribution to this work.

Author Contributions

CB, BR, and SR conceptualized the topic and finalized the detailed search
strategy. CB, AM, and EL performed the primary literature search and full-text
screening. Data synthesis and presentation were conducted by CB and AM. CB
wrote the first draft of the manuscript. SB, SR, JH, and KDP later helped adjust
the general construction, modify the main content, and polish the sentences.
(B, BR, and SR updated and finalized the manuscript. All authors read, revised,
and approved the final manuscript.

Funding
Chao Bian is an awardee of the China Scholarship Council (File No.
202208310018).

Data Availability
All data generated or analyzed during this study are included in this published
article.

Declarations

Ethics Approval and Consent to Participate

Chao Bian, Suzanna Russell, Ana Mali, Elke Lathouwers, Kevin De Pauw, Jelle
Habay, Spela Bogataj, and Bart Roelands declare that the systematic review
complies with all ethical standards. No participants were recruilted for the
present study, so no consent for participation needed to be collected.

Consent for Publication
Not applicable.

Page 15 of 17

Competing Interests

Chao Bian, Suzanna Russell, Ana Mali, Elke Lathouwers, Kevin De Pauw, Jelle
Habay, Spela Bogataj, and Bart Roelands have no competing interests relevant
to the content of this review.

Author details

'Faculty of Physical Education and Physiotherapy, Human Physiology and
Sports Physiotherapy Research Group, Vrije Universiteit Brussel, Pleinlaan
2, Brussels 1050, Belgium

%Sports Performance, Recovery, Injury and New Technologies Research
Centre (SPRINT), Faculty of Health Sciences, Australian Catholic University,
Brisbane, QLD, Australia

3performance Services, Australian Institute of Sport, Australian Capital
Territory, Bruce, Australia

“Sport Performance Innovation and Knowledge Excellence (SPIKE),
Queensland Academy of Sport, Nathan, QLD, Australia

*Institute for Kinesiology Research, Science and Research Centre Koper,
Koper, Slovenia

5BruBotics, Vrije Universiteit Brussel, Brussels, Belgium

Vital Signs and Performance Monitoring Research Unit, LIFE Department,
Royal Military Academy, Brussels, Belgium

8Research Foundation Flanders (FWO), Brussels, Belgium

Department of Nephrology, University Medical Center Ljubljana,
Ljubljana, Slovenia

1%Faculty of Sport, University of Ljubljana, Ljubljana, Slovenia

Received: 19 September 2024 / Accepted: 19 June 2025
Published online: 01 July 2025

References

1. Boksem M, Tops M. Mental fatigue: costs and benefits. Brain Res Rev.
2008;59:125-39.

2. Signorini G, Scurati R, Bosio A, Maestri G, Rigon M, Trecroci A et al. Effects of
cognitive load and different exercise intensities on perceived effort in seden-
tary university students: a follow up of the Cubo fitness test validation. Front
Psychol. 2023;14.

3. Borragdn G, Slama H, Bartolomei M, Peigneux P. Cognitive fatigue: A Time-
based Resource-sharing account. Cortex. 2017;89.

4. LopesT, Fortes L, Smith M, Roelands B, Marcora S. Mental fatigue and sport:
from the lab to the field. Front Sports Act Living. 2023;5:1213019.

5. Roelands B, Kelly V, Russell S, Habay J. The physiological nature of mental
fatigue: current knowledge and future avenues for sport science. Int J Sports
Physiol Perform. 2021;17:1-2.

6. Van Cutsem J, Marcora S, De Pauw K, Bailey S, Meeusen R, Roelands B. The
effects of mental fatigue on physical performance: A systematic review.
Sports Med. 2017,47(8):1569-88.

7. McMorris T, Barwood M, Hale BJ, Dicks M, Corbett J. Cognitive fatigue effects
on physical performance: A systematic review and meta-analysis. Physiol
Behav. 2018;188:103-7.

8. Habay J, Van Cutsem J, Verschueren J, De Bock S, Proost M, De Wachter J, et
al. Mental fatigue and sport-specific psychomotor performance: A systematic
review. Sports Med. 2021;51(7):1527-48.

9. Pageaux B, Lepers R. The effects of mental fatigue on sport-related perfor-
mance. Prog Brain Res. 2018;240:291-315.

10. Smith MR, Thompson C, Marcora SM, Skorski S, Meyer T, Coutts AJ. Mental
fatigue and soccer: current knowledge and future directions. Sports Med.
2018:48(7):1525-32.

11. Schampheleer E, Roelands B. Mental fatigue in sport - from impaired perfor-
mance to increased injury risk. Int J Sports Physiol Perform. 2024:1-9.

12. Russell S, Jenkins D, Rynne S, Halson S, Kelly V. What is mental fatigue
in elite sport? Perceptions from athletes and staff. Eur J Sport Sci.
2019;19(10):1367-76.

13. Thompson C, Fransen J, Skorski S, Smith MR, Meyer T, Barrett S, et al. Mental
fatigue in football: is it time to shift the goalposts? An evaluation of the cur-
rent methodology. Sports Med. 2019;49(2):177-83.

14.  Beavan A. Extraordinary tools require extraordinary evidence. Sci Med Footb.
2019;3:263-4.

15.  Coutinho D, Goncalves B, Travassos B, Wong DP, Coutts AJ, Sampaio JE. Men-
tal fatigue and spatial references impair soccer players' physical and tactical
performances. Front Psychol. 2017;8.



Bian et al. Sports Medicine - Open

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

37.

(2025) 11:82

Bian C, Ali A, Nassis GP, Li Y. Repeated interval Loughborough soccer passing
tests: an ecologically valid motor task to induce mental fatigue in soccer.
Front Physiol. 2021;12:803528.

Thompson C, Noon M, Towlson C, Perry J, Coutts A, Harper L, et al. Under-
standing the presence of mental fatigue in english academy soccer players. J
Sports Sci. 2020;38(13):1524-30.

Zeuwts L, lliano E, Smith M, Deconinck F, Lenoir M. Mental fatigue delays
visual search behaviour in young cyclists when negotiating complex traffic
situations: A study in virtual reality. Accid Anal Prev. 2021;161:12.

Costedoat G, Chao A, Feria C. The Effects of Physiological and Mental Fatigue
on Driving Performance and an Analysis of Countermeasures. Proceedings of
the Human Factors and Ergonomics Society Annual Meeting. 2023;67.
Thompson C, Smith A, Coutts A, Skorski S, Datson N, Smith M, et al. Under-
standing the presence of mental fatigue in elite female football. Res Q Exerc
Sport. 2021;93:1-12.

Fortes LS, de Lima-Junior D, Nascimento-Junior JRA, Costa EC, Matta MO, Fer-
reira MEC. Effect of exposure time to smartphone apps on passing decision-
making in male soccer athletes. Psychol Sport Exerc. 2019;44:35-41.
Quagliarotti C, Coloretti V, Dello Stritto E, Cuccurullo S, Acalai J, Lepers R, et
al. Does smartphone use affect a subsequent swimming training session?
Preliminary results in amateur triathletes. Sensors. 2023;23:5837.

Fortes L, de Lima-Junior D, Gantois P, Nasicmento J, Fonseca F. Smartphone
use among high level swimmers is associated with mental fatigue and
slower 100- and 200- but not 50-meter freestyle racing. Percept Mot Skills.
2021;128(1):390-408.

Page M, McKenzie J, Bossuyt P, Boutron |, Hoffmann T, Mulrow C, et al. The
PRISMA 2020 statement: an updated guideline for reporting systematic
reviews. BMJ. 2021;372:n71.

Behrens M, Gube M, Chaabene H, Prieske O, Zenon A, Broscheid K-C et al.
Fatigue and human performance: an updated framework. Sports Med.
2022;53.

Salihu A, Hill K, Jaberzadeh S. Neural mechanisms underlying state mental
fatigue: A systematic review and activation likelihood Estimation meta-analy-
sis. Rev Neurosci. 2022;33.

Proost M, Habay J, De Wachter J, De Pauw K, Rattray B, Meeusen R, et al. How
to tackle mental fatigue: A systematic review of potential countermeasures
and their underlying mechanisms. Sports Med. 2022,52(9):2129-58.

Habay J, Uylenbroeck R, Van Droogenbroeck R, De Wachter J, Proost M, Tassi-
gnon B et al. Interindividual variability in mental fatigue-related impairments
in endurance performance: A systematic review and multiple meta-regres-
sion. Sports Med - Open. 2023;9.

Ouzzani M, Hammady H, Fedorowicz Z, Eimagarmid A. Rayyan—a web and
mobile app for systematic reviews. Syst Reviews. 2016;5.

Ding H, Hu G, Zheng X, Chen Q, Threapleton D, Zhou Z. The method quality
of cross-over studies involved in Cochrane systematic reviews. PLoS ONE.
2015;10:0120519.

Ciocca G, Tessitore A, Mandorino M, Tschan H. A video-based tactical task
does not elicit mental fatigue and does not impair soccer performance in a
subsequent small-sided game. Sports. 2022;10(3).

Fortes LS, de Lima-Junior D, Fiorese L, Nascimento-Junior JRA, Mortatti

AL, Ferreira MEC. The effect of smartphones and playing video games on
decision-making in soccer players: A crossover and randomised study. J
Sports Sci. 2020;38(5):552-8.

Filipas L, Ferioli D, Banfi G, La Torre A, Vitale J. Single and combined effect of
acute sleep restriction and mental fatigue on basketball free-throw perfor-
mance. Int J Sports Physiol Perform. 2021;16(3):415-20.

Daub B, McLean B, Heishman A, Peak K, Coutts A. Impacts of mental fatigue
and sport specific film sessions on basketball shooting tasks. Eur J Sport Sci.
2022:1-9.

Faro H, Fortes LS, de Lima-Junior D, Barbosa BT, Ferreira MEC, Almeida SS.
Sport-based video game causes mental fatigue and impairs visuomotor skill
in male basketball players. Int J Sport Exerc Psychol. 2023.

Fortes L, de Lima-Junior D, Fonseca F, Albuquerque M, Ferreira M. Effect of
mental fatigue on mean propulsive velocity, countermovement jump, and
100-m and 200-m Dash performance in male college sprinters. Appl Neuro-
psychol Adult. 2021:1-10.

Fortes LS, Gantois P, de Lima-Junior D, Barbosa BT, Ferreira MEC, Nakamura FY,
et al. Playing videogames or using social media applications on smartphones
causes mental fatigue and impairs decision-making performance in amateur
boxers. Appl Neuropsychology-Adult. 2023;30(2):227-38.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

5T

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Page 16 of 17

McKay A, Stellingwerff T, Smith E, Martin D, Mujika |, Goosey-Tolfrey V, et al.
Defining training and performance caliber: A participant classification frame-
work. Int J Sports Physiol Perform. 2021;17:1-15.

Pires FO, Silva-Junior FL, Brietzke C, Franco-Alvarenga PE, Pinheiro FA, de
Franca NM et al. Mental fatigue alters cortical activation and psychological
responses, impairing performance in a Distance-Based cycling trial. Front
Physiol. 2018;9.

Wascher E, Rasch B, Sanger J, Hoffmann S, Schneider D, Rinkenauer G, et al.
Frontal theta activity reflects distinct aspects of mental fatigue. Biol Psychol.
2014,96:57-65.

Holleman G, Hooge |, Kemner C, Hessels R. The real-world approach’and

its problems: A critique of the term ecological validity. Front Psychol.
2020;11:721.

Davids K. Ecological validity in Understanding sport performance: some
problems of definition. Quest. 1988;40.

Englert C, Bertrams A. The effect of ego depletion on sprint start reaction
time. J Sport Exerc Psychol. 2014;36(5):506-15.

Englert C, Havik L, Zhang Q Oudejans R, Englert C, Havik L, et al. Can you go
the extra mile? The effect of ego depletion on endurance performance. Int J
Sport Psycol. 2018;49(6):505-20.

Englert C, Dziuba A, Giboin L, Wolff W. Elites do not deplete - No effect of
prior mental exertion on subsequent shooting performance in elite shooters.
Front Psychol. 2021;12:668108.

Faubert J. Professional athletes have extraordinary skills for rapidly learning
complex and neutral dynamic visual scenes. Sci Rep. 2013;3:1154.

Vickers J, Williams A. The role of mental processes in elite sports performance.
Oxford Research Encyclopedia of Psychology; 2017.

Ballesteros S, Voelcker-Rehage C, Bherer L. Cognitive and brain plasticity
induced by physical exercise, cognitive training, video games, and combined
interventions. Front Hum Neurosci. 2018;12.

Anguera J, Boccanfuso J, Rintoul J, Claflin O, Faraji F, Janowich J, et al.

Video game training enhances cognitive control in older adults. Nature.
2013;501:97-101.

Bavelier D, Achtman RL, Mani M, Focker J. Neural bases of selective attention
in action video game players. Vision Res. 2011;61:132-43.

Wilmer H, Sherman L, Chein J. Smartphones and cognition: A review of
research exploring the links between mobile technology habits and cogni-
tive functioning. Front Psychol. 2017;8.

Ralph B, Thomson D, Cheyne J, Smilek D. Media multitasking and failures of
attention in everyday life. Psychol Res. 2013;78.

Ophir E, Nass C, Wagner A. Cognitive control in media multitaskers. Proc Natl
Acad Sci USA. 2009;106:15583-7.

Alzahabi R, Becker M, Hambrick D. Investigating the relationship between
media multitasking and processes involved in task-switching. J Exp Psychol
Hum Percept Perform. 2017,43.

Firth J, Torous J, Stubbs B, Firth J, Steiner-Lim G, Smith L, et al. The online
brain: how the internet May be changing our cognition. World Psychiatry:
Official J World Psychiatric Association (WPA). 2019;18:119-29.

Warsaw R, Jones A, Rose A, Newton-Fenner A, Alshukri S, Gage S. Mobile
technology use and its association with executive functioning in healthy
young adults: A systematic review. Front Psychol. 2021;12.

Fortes L, Berriel G, Faro H, Freitas C, Peyre-Tartaruga L. Can prolongate use of
social media immediately before training worsen high level male volleyball
players'visuomotor skills? Percept Mot Skills. 2022;129(6):1790-803.

Grillon C, Quispe Escudero D, Mathur A, Ernst M. Mental fatigue impairs emo-
tion regulation. Emotion. 2015;15.

HuT, Zhang D, Wang J, Mistry R, Ran G, Wang X. Relation between emo-
tion regulation and mental health: A meta-analysis review. Psychol Rep.
2014;114(2):341-62.

Mizuno K, Tanaka M, Kouzi Y, Kajimoto O, Kuratsune H, Watanabe Y. Mental
fatigue caused by prolonged cognitive load associated with sympathetic
hyperactivity. Behav Brain Funct. 2011;7:17.

McGowan C, Pyne D, Thompson K, Rattray B. Warm-Up strategies for sport
and exercise: mechanisms and applications. Sports Med. 2015;45.

Jacquet T, Poulin-Charronnat B, Bard P, Perra J, Lepers R. Physical activity and
music to counteract mental fatigue. Neuroscience. 2021;478.

Li S, Lajoie S. Cognitive engagement in self-regulated learning: an integrative
model. Eur J Psychol Educ. 2021.

Kotnik P, Roelands B, Bogataj S. Prolonged theoretical classes impact students’
perceptions: an observational study. Front Psychol. 2024;15.

Marcora S, Staiano W, Manning V. Mental fatigue impairs physical perfor-
mance in humans. J Appl Physiol. 2009;106:857-64.



Bian et al. Sports Medicine - Open

66.

67.

68.

69.

70.

71

72.

(2025) 11:82

Van Cutsem J, De Pauw K, Buyse L, Marcora S, Meeusen R, Roelands B. Effects
of mental fatigue on endurance performance in the heat. Med Sci Sports
Exerc. 2017;49(8):1677-87.

Lelis-Torres N, Ugrinowitsch H, Apolinario-Souza T, Benda R, Lage G. Task
engagement and mental workload involved in variation and repetition of a
motor skill. Sci Rep. 2017;7.

Coyne JOC, Coutts AJ, Newton RU, Haff GG. The influence of mental fatigue
on sessional ratings of perceived exertion in elite open and closed skill sports
athletes. J Strength Conditioning Res. 2021,35(4):963-9.

Martin K, Thompson K, Keegan R, Rattray B. Are individuals who engage in
more frequent self-regulation less susceptible to mental fatigue? J Sport
Exerc Psychol. 2019:1-9.

Martin K, Staiano W, Menaspa P, Hennessey T, Marcora S, Keegan R, et al.
Superior inhibitory control and resistance to mental fatigue in professional
road cyclists. PLoS ONE. 2016;11(7):e0159907.

Russell S, Jenkins D, Smith M, Halson S, Kelly V. The application of mental
fatigue research to elite team sport performance: new perspectives. J Sci
Med Sport. 2018;22.

Aitken B, MacMahon C. Shared demands between cognitive and physical
tasks May drive negative effects of fatigue: A focused review. Front Sports Act
Living. 2019;1:45.

73.

74.

75.

76.

Page 17 of 17

Smith MR, Coutts AJ, Merlini M, Deprez D, Lenoir M, Marcora SM. Mental
fatigue impairs soccer-specific physical and technical performance. Med Sci
Sports Exerc. 2016;48(2):267-76.

Pageaux B, Lepers R. Fatigue induced by physical and mental exertion
increases perception of effort and impairs subsequent endurance perfor-
mance. Front Physiol. 2016;7.

Atkinson G, Nevill A. Selected issues in the design and analysis of sport
performance research. J Sports Sci. 2001;19:811-27.

McCall A, Wolfberg A, Ivarsson A, Dupont G, Larocque A, Bilsborough J.

A qualitative study of 11 world-class team-sport athletes’ experiences
answering subjective questionnaires: A key ingredient for ‘visible' health and
performance monitoring? Sports Med. 2023;53.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Methodological Considerations and Effectiveness for Ecologically Valid Mental Fatigue Inducement in Sports: A Systematic Review
	﻿Abstract
	﻿Key Points
	﻿Background
	﻿Methods
	﻿Eligibility Criteria
	﻿Information Sources and Search Strategy
	﻿Study Selection and Data-Collection Process
	﻿Extracted Information and Variables of Interest
	﻿Risk of Bias Assessment

	﻿Results
	﻿Study Quality
	﻿Sports Contexts and Participant Characteristics
	﻿Mental Fatigue Inducement Task Design
	﻿Evaluation of the MF Inducement Effectiveness
	﻿Inducement Effectiveness of Specific Motor Tasks
	﻿Inducement Effectiveness of Tactical Video-based Tasks
	﻿Inducement Effectiveness of Social Media Use on Smartphones
	﻿Inducement Effectiveness of Sports-themed Videogame Play


	﻿Discussion
	﻿Stance on Ecological Validity of MF Inducement in Sports
	﻿Effectiveness of Different MF Inducement Tasks
	﻿Sports-specific Motor Tasks
	﻿Simulated Scenarios in Athletes’ Real-Life Settings﻿


	﻿Variability in Inducement Effectiveness Within One Type of Task
	﻿Limitations
	﻿Implications for Future Research and Practice
	﻿Conclusion
	﻿References


