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Abstract

Mental fatigue (MF) has been shown to acutely impair the psychological responses

and endurance running performance of orienteers. This study aimed to explore MF

levels experienced by orienteers during a 4‐day competition preparation camp that

consisted of simulated sprint, middle‐distance, long‐distance, relay and night races.

Eleven national junior orienteers participated in the study (age: 15–17 years, height:

1.69 � 0.07 m and body mass: 59.9 � 5.22 kg). Subjective ratings of MF, motivation,

stress, physical fatigue (PF) and tiredness were measured using a 100‐mm visual

analogue scale. The Brunel Mood Scale (BRUMS) was utilized to assess the mood

state of the orienteers. The self‐report measures were taken within 30 min of

waking, immediately after the post‐training session, and after 24 and 48 h following

the final training session. The pre–post orienteering training combined analysis

showed that there was a moderate increase in perceived MF (ES = 1.06 [0.66, 1.45]),

PF (ES = 1.07 [0.69, 1.45]) and BRUMS fatigue (ES = 0.74 [0.4, 1.1]) after orien-

teering training. At 48 h post the final training session, MF remained moderately

elevated (ES = 0.86 [−0.07, 1.75]), while PF also remained elevated to a small extent

(ES = 0.46 [−0.46, 1.39]) compared to the pre‐training values. A moderate impair-

ment was still observed in BRUMS vigor (ES = −1.02 [−1.65, −0.36]), but BRUMS

confusion scores were moderately lower (ES = −0.85 [−1.71, 0.04]) than pre‐
training values. This study found that orienteering training induced acute MF,

persisting for at least 48 h after the final session.
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Highlights

� National junior orienteers experienced perceived mental fatigue during an orienteering

training camp, and recovery of psychological responses was incomplete after 48 h.
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� There was a moderate correlation between changes in perceived mental fatigue and

physical fatigue during the orienteering training camp, suggesting that while being related

they represent distinct constructs of fatigue.

� Perceived mental fatigue did not recover to its pre‐training value on the following training

day, suggesting a progressive accumulation effect that persisted until the completion of the

training camp.

� After the training camp, the ratings of perceived mental fatigue, stress, and physical fatigue,

as well as the scores from the Brunel Mood Scale (vigor and fatigue), remained impaired for

48 h compared to their pre‐training value.

1 | INTRODUCTION

Mental fatigue (MF) has been defined as a psychobiological state

caused by performing prolonged periods of a cognitively demanding

task (Van Cutsem et al., 2017). Previous systematic reviews have

demonstrated that MF can detrimentally affect sport‐specific tactical

performance (Cao et al., 2022; Sun et al., 2022) and endurance

running performance (Brown et al., 2020; Giboin et al., 2019; Habay

et al., 2021; Van Cutsem et al., 2017). The previous conceptual model

of MF suggests that cognitive demand serves as a stimulus that in-

fluences the adenosine and dopamine levels in the anterior cingulate

cortex (Smith et al., 2018). Consequently, this increased MF impairs

executive brain function, including decision‐making ability and per-

formance adjustment.

Orienteering requires high cognitive efforts, as orienteers must

determine and execute the most efficient route to each control

point in an unfamiliar environment using a map and a compass

under timed conditions (Batista et al., 2020; Creagh et al., 1997).

This emphasizes a simultaneous physical challenge. Specifically,

Batista et al. (2021) demonstrated a slower completion time in a

3.1‐km simulated orienteering race following a 30‐min Stroop task,

implying that the elevated MF can negatively affect orienteering

performance. However, due to the limited ecological validity of the

computerized MF protocol employed, it remains unclear whether

engagement in actual orienteering activity induces perceived MF in

trained orienteers. Further negative effects of MF have also been

found in mood state, as studies utilizing the Brunel Mood Scale

(BRUMS) have consistently shown decreased vigor and increased

fatigue scores following MF elicitation (Van Cutsem et al., 2017).

This suggests that an individual's mood state can indeed be

affected under a state of MF, which may in turn impact on

orienteering training performance. There has also been some

suggestion that increased confusion may also be amongst the ef-

fects of MF in orienteering (Lam, Sproule, Turner, Murgatroyd,

et al., 2023). Furthermore, it is essential to measure MF separately

from other psychological responses like motivation and mood, as

MF changes differ from those observed in other self‐report mea-

sures (Russell, Jenkins, Halson, Juliff, et al., 2022). Accordingly,

further research is required to comprehend the presence of MF in

orienteering, and subsequently validate the need for improving

monitoring and management strategies to maintain or enhance

performance in training and competition.

A recent Delphi study with international orienteering experts

achieved consensus on the occurrence of MF during orienteering

competitions (Lam, Sproule, Turner, Murgatroyd, et al., 2023). This

study highlighted potential differences between MF experienced

during orienteering training and competition, where the type of MF

was deemed as unique within the event (Lam, Sproule, Turner,

Murgatroyd, et al., 2023). For example, a 2‐year longitudinal study

with elite netballers found significantly lower perceived MF ratings

during competition compared to training camps and preparation

camps (Russell et al., 2021). Coyne et al. (2021) found that the acute

changes in perceived MF within one training session might not

directly influence the perceived exertion of elite team and individual

sport athletes during competition preparation, but cumulative

perceived MF over a week could potentially increase the overall in-

ternal load. An observational study in elite netballers during a 16‐
week preseason training phase reported significantly higher

perceived MF, during the late weeks of the preseason (Russell, Jen-

kins, Halson, & Kelly, 2022). This research reveals that MF is not

exclusive to competition, but perceived MF can also accrue

throughout training. Recent research with national level orienteers

found impaired subjective ratings of MF, physical fatigue (PF) and

mood state following orienteering competition (Lam, Sproule, Turner,

& Phillips, 2023). This supports further investigation into whether a

similar phenomenon occurs in orienteering training to test the

opinions of orienteering experts (Lam, Sproule, Turner, Murgatroyd,

et al., 2023) and inform discussion and practice of appropriate

preparation and monitoring of orienteering athletes in competition

and training environments.

Therefore, this study aimed to explore the changes in perceived

MF, mood state and other psychological variables amongst orienteers

during an orienteering training camp. Similar to previous research

conducted with elite netballers during training and competi-

tions (Russell, Jenkins, Halson, Juliff, et al., 2022), no hypothesis

was formulated in this study to enable greater flexibility in exp-

loring potential variations and interpreting the effects of MF in

orienteering.

2 - LAM ET AL.
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2 | METHODS

To reduce potential disparity between researchers' and athletes' in-

terpretations of MF, as previous research has highlighted, the spec-

ificity of defining MF in application to the sporting context (Russell,

Jenkins, Rynne, et al., 2019) and agreed MF definition was provided

to the participants. The definition of MF refined by international

orienteering experts: MF “an inability to maintain concentration and

process information for decision‐making efficiently and effectively

following a prolonged period of cognitively demanding activity” (Lam,

Sproule, Turner, Murgatroyd, et al., 2023).

2.1 | Experimental design

An observational study design with repeated measures was utilized

to observe the changes in perceived MF and other psychological

variables during a 4‐day orienteering competition preparation camp.

2.2 | Participants

Eleven British national junior orienteers (5 males and 6 females, aged

15–17 years, height 1.69 � 0.07 m, body mass 59.9 � 5.22 kg and

8.7 � 3.8 years competitive experience; England: n = 7 and Scotland:

n = 4) participated. All participants were full‐time students and were

on spring break when the research was conducted in their places.

One participant did not complete the second and the third day of the

survey due to technical issues with data collection. The data from this

participant were included in the analysis, except for the second and

the third day of the orienteering training camp. All orienteers were

classified as Tier 3 highly trained individuals (McKay et al., 2022);

they were also all capable of reading and writing English fluently.

Following institutional ethical approval, written informed consent

and parental consent were obtained prior to the experiment. Ac-

cording to the precision planning for a paired‐sample design using the

Exploratory Software for Confidence Intervals (Cumming, 2012), a

sample size of 17 was needed to achieve an average target margin of

error of 0.4 using ρ = 0.70 to achieve the desired level of precision.

The sample size obtained in this study provides a target margin of

error of 0.55 for a 95% confidence interval.

2.3 | Orienteering training camp

The 4‐day orienteering training camp was designed by British

Orienteering Talent Squad coaches. Participants arrived at the

training venue 1 day before the training camp commenced, and all

resided in the same accommodation throughout the camp. The pri-

mary objective of the camp was designed to replicate the orien-

teering competition conditions including relay, sprint and middle‐ and

long‐distance race, to prepare orienteers for upcoming competition.

All participants followed an identical training program, with the main

training sessions lasting approximately 6 h, plus an additional hour

allocated for pre‐race preparation and another hour for post‐race

analysis. The only exception was on day 4 where all participants

were trained for approximately 4 h only. The race events included the

following: middle‐distance and sprint distance races on day 1, a long‐
distance race on day 2, the second and third legs of the relay, and

night orienteering on day 3, followed by a mass start relay on day 4.

2.4 | Procedure

An online self‐report questionnaire was completed using the Qual-

trics XM Platform (USA). The self‐report measures were completed

daily, within 30 min of waking on each of the 4 training days (PRE1‐4)

and within 30 min of completing each training session across the 4

training days (POST1‐4), similar to prior research (Lam, Sproule,

Turner, & Phillips, 2023; Russell, Jenkins, Halson, Juliff, et al., 2022).

To explore post‐camp recovery responses, participants

completed self‐report measures 24 (24POST) and 48 h (48POST)

after the training camp. The self‐report measures were completed

privately on participants' own electronic devices such as laptops,

smartphones or tablets to reduce the response bias (Russell, Jenkins,

Halson, & Kelly, 2022).

2.5 | Online self‐report measures

The daily self‐report measurements contained 18 items, including a

closed‐ended question: “Did you compete in an orienteering training

session just now?”. Five items were measured via 100‐mm visual

analogue scales (VAS) (ranging from 0 to 100) including MF, moti-

vation, PF, stress and tiredness. A further 12 items from the vigor,

fatigue and confusion subscales of the Brunel Mood Scale (BRUMS)

were measured using a 0–4 Likert scale (Brandt et al., 2016). Addi-

tionally, six items regarding the participant's characteristics, such as

age, gender, height, body mass, geographical location and years of

experience, competing in orienteering were collected at completion

of the PRE1 questionnaire. All participants completed the identical

self‐report measures 1 week prior to the experiment as a familiar-

ization trial.

2.6 | Perceived mental fatigue, physical fatigue,
motivation, tiredness and stress

The 100‐mm VAS have demonstrated a high reliability in quantifying

perceived MF and fatigue‐related symptoms (Lee et al., 1991; Smith

et al., 2019). Similar online observational research conducted with

academy soccer players, also measured perceived MF using a 100‐
mm VAS (Thompson et al., 2020), which has been identified as the

most appropriate approach for assessing subjective MF for field‐
based research (Smith et al., 2019). Given the subjective nature of

MF and other outcome variables, this study also employed VAS to

EUROPEAN JOURNAL OF SPORT SCIENCE - 3
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measure other outcome variables. The questions and descriptors for

the five variables measured using the 0–100 sliding scale were

identical to Lam, Sproule, Turner, & Phillips, 2023). In consideration

of the complexity and potentially varying interpretations of MF as

highlighted in previous research (Russell, Jenkins, Rynne, et al., 2019),

Russell, Jenkins, Halson, & Kelly, 2019nd to minimize any potential

confusion between MF and other outcome variables, participants

were provided with a modified definition of MF by international

orienteering experts (Lam, Sproule, Turner, Murgatroyd, et al., 2023)

when completing the 100‐mm VAS.

2.7 | Mood state

The vigor and fatigue subscales of BRUMS have been shown to be

negatively affected by MF (Van Cutsem et al., 2017), and interna-

tional orienteering experts have highlighted the importance of

measuring confusion when evaluating the mood state of mentally

fatigued orienteers (Lam, Sproule, Turner, Murgatroyd, et al., 2023).

Therefore, participants rated 12 items on a 0–4 Likert scale regarding

vigor, fatigue and confusion subscales of the BRUMS by answering a

standardized question: “How do you feel right now” (Brandt

et al., 2016). Each item was scored from 0 to 4 (0 = not at all, 1 = a

little, 2 = moderately, 3 = quite a bit and 4 = extremely). The four

relevant items from each subscale were summated to obtain a score

between 0 and 16.

2.8 | Statistical analysis

Data were presented as mean � SD unless specified. It has been

criticized that null‐hypothesis testing on small sample sizes can

potentially lead to an overestimation of results (Batterham

et al., 2006). Additionally, it is important to note that interpreting p‐
value alone does not provide information about the magnitude or

direction of changes in measurements. Therefore, this study analyzed

the changes using effect size (ES) with 95%CI. The magnitude of

change was measured for the subjective ratings of MF, motivation,

PF, stress, tiredness and BRUMS. The following equation was used to

calculate the ES in this study:

d¼
x1 − x2
ffiffiffiffiffiffiffiffiffi
s2
1
þs2

2
2

q

The ES was interpreted trivial (0.00–0.19), small (0.20–0.59),

moderate (0.60–1.19), large (1.20–1.99), very large (2.00–3.99) and

extremely large (≥4) (Batterham et al., 2006; Hopkins et al., 2009). If

the 95%CI of the ES does not overlap with the value of 0, it can be

deemed as statistically significant. To explore the effect of an

orienteering training day, all outcome variables were compared

pairwise before (PRE values on days 1–4) and after training each day

(POST values on days 1–4). To explore recovery, the responses

changes immediately after POST4, 24 (24POST) and 48 h after

(48POST) the last training session of the training camp were

compared. The relationship between the pre‐ and post‐ orienteering

training combined changes in MF and PF were assessed via Pearson's

correlation coefficient. The correlation coefficients were interpreted

as: trivial (r < 0.1), small (r ≤ 0.29), moderate (r ≤ 0.49), large

(r ≤ 0.69), very large (r ≤ 0.89), nearly perfect (r ≤ 0.99) and perfect

(r = 1.0).

3 | RESULTS

3.1 | Pre‐ and post‐ orienteering training

The analysis in this section included the combination of all pre–post

measures of the outcome variables from day 1 to day 4 of the

training camp. The mean pre–post orienteering training change in all

outcome variables for all participants is presented in Figure 1. There

was a moderate increase in subjective ratings of MF, PF and BRUMS

fatigue score and a small increase in tiredness and BRUMS confusion

score following orienteering training. Conversely, there was a small

decrease in BRUMS vigor scores and a trivial decline in motivation

and stress ratings after orienteering training. A moderate correlation

was observed between the pre‐ and post‐orienteering training

changes in MF and PF (r = 0.47 [0.18, 0.67]).

3.2 | Pre‐to post‐training changes across
consecutive days

The data for changes in survey responses across the 4 consecutive

days of training are displayed in Figure 2, and the difference in the

extent of changes between each training day of 10 participants is in

Table 1. One of the participants failed to complete the survey on day

2 and day 3 of the orienteering training camp due to technical dif-

ficulties. Figure 2 shows that the ratings of perceived MF, PF and

BRUMS fatigue before orienteering training progressively increased

across the four training days, with a moderate increase observed in

the pre‐training value of MF (PRE1 vs. PRE2: ES = 0.74 [−0.02, 1.46])

and PF (PRE3 vs. PRE4: ES = 0.64 [−0.08, 1.32]). However, the other

outcome variables did not demonstrate a consistent increasing or

decreasing trend during the training camp. As for the post orien-

teering training ratings, only the rating of MF presented a constant

increase with a trivial to small ES (POST1 vs. POST2: ES = 0.49

[−0.18, 1.13]; POST2 vs. POST3: ES = 0.11 [−0.37, 0.58]; and POST3

vs. POST4: ES = 0.44 [0.05, 0.82]). The remaining outcome variables

did not exhibit a consistent pattern of increase or decrease.

3.3 | Changes after the termination of the
orienteering training camp

Figure 2 also presented the mean change and individual ratings of all

participants (n = 11) immediately (POST4), 24 and 48 h after the final

4 - LAM ET AL.
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day of the orienteering training camp, with the magnitude of changes

summarized in Table 2. From POST4 to 48POST, there was a

consistent improvement in the majority of the variables. There was a

progressive increase in the ratings of motivation and BRUMS vigor,

and a constant decrease in MF, PF, tiredness, BRUMS fatigue and

confusion scores. The rating of PF showed a moderate decrease in

both POST4 to 24POST and 24POST to 48POST. However, stress

rating was the only variable that increased moderately from POST4

to 24POST but declined to a small extent from 24POST to 48POST.

Consequently, ratings of MF were higher, and BRUMS vigor had

lower to a moderate extent in 48POST compared to PRE1.

4 | DISCUSSION

This study examined the impact of an orienteering training camp on

perceived MF and other psychological variables in trained orienteers.

A moderate acute increase in perceived MF was found after orien-

teering training, and the elevated ratings did not return to Day 1 pre‐
training (PRE1) values on the subsequent training day, with the

highest perceived MF being reported after training on the fourth day

of the camp, suggesting a progressive accumulation effect. The

elevated MF after participating in a 4‐day orienteering camp did not

return to PRE1 values even 48 h after the training camp. A moderate

correlation was also noted between changes in PF and MF.

4.1 | Acute changes in perceived mental fatigue
after orienteering training

The combined pre–post orienteering training session changes anal-

ysis revealed a moderate increase in perceived MF, which sup-

ports the orienteering expert's consensus in Lam, Sproule, Turner,

Murgatroyd, et al., 2023) that orienteers experience MF during an

orienteering training session. The data also support the findings with

elite netballers where participating in sport could acutely induce MF

(Russell, Jenkins, Halson, & Kelly, 2019). However, how much a

moderate increase in perceived MF induced by orienteering itself

affects subsequent orienteering performance remains unclear. While

Batista et al. (2021) reported a trivial decrease (ES: 0.20) in 3.1‐km

completion time for mentally fatigued orienteers, it is important to

note that the MF was induced through a 30‐min cognitively

demanding task, which has been criticized for its low ecological val-

idity (Van Cutsem et al., 2017). The MF protocol with higher

ecological validity, conducted by Coutinho et al. (2017), found a

moderate increase in perceived MF (ES = 0.6) and a reduced ability to

utilize environmental information following 20 min of physical ac-

tivity, which affected the tactical performance of soccer players. In

this study, all participants adhered to an identical training program

and engaged in various types of races each day during the orien-

teering competition preparation camp. It is essential to clarify that

this study did not compare or analyze the influence of MF on

orienteering performance directly. However, given the impairment of

MF ratings and subsequent soccer performance observed in previous

research using a combined physical and cognitive load MF protocol

(Coutinho et al., 2017), the ES obtained in this study suggests that

future research could consider using orienteering training as an MF

elicitation method to investigate its impact on orienteering decision‐
making performance. This study acknowledges a wide confidence

interval of the ES in the combined analysis, ranging from 0.66 to 1.45.

However, the lower limit of the ES is still above 0.6, suggesting that

there is likely to be a moderate impact on orienteering performance,

as the ability to utilize environmental information is crucial for

navigational ability.

This study also highlighted the consecutive changes in perceived

MF throughout the 4‐day orienteering training camp, revealing a

F I G U R E 1 The magnitude of changes in all outcome variables before and after an orienteering training. Data has been combined from all
participants (42 responses).

EUROPEAN JOURNAL OF SPORT SCIENCE - 5
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F I G U R E 2 Changes in MF (A), motivation (B), PF (C), stress (D), tiredness (E), BRUMS vigor subscale (F), BRUMS fatigue subscale (G), and
BRUMS confusion subscale (H) from day 1–48 h after the orienteering training camp. The gray lines represent individual ratings of the 10

participants. For time points PRE2, PRE3, POST2 and POST3, the mean value of responses from 10 participants was used, while for the
remaining time points, all participants (n = 11) were included.

6 - LAM ET AL.

 15367290, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ejsc.12071 by N

es, E
dinburgh C

entral O
ffice, W

iley O
nline L

ibrary on [09/02/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



delayed recovery where the perceived MF did not return to the

similar level as the pre‐training value from day 1–4. In addition to a

progressively accumulating effect, we were unfortunately unable to

determine any specific influence of race distance on MF during the

training camp because participants undertook races within a single

day. It remains debatable whether such a phenomenon appears in

F I G U R E 2 (Continued)

EUROPEAN JOURNAL OF SPORT SCIENCE - 7
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T A B L E 1 The comparison of the magnitude of changes in all outcome variables before and immediately after training from 10
participants.

Variables

PRE versus POST

Mean difference

[95%CI]

Effect size

[95%CI]

Changes between days (effect size [95%CI])

vs day 2 vs day 3 vs day 4

Mental fatigue 0–100 AU

Day 1 25 [4, 46] 1.29 [0.16, 2.37]b −0.21 [−1.06, 0.66] −0.26 [−0.84, 0.34] −0.13 [−0.89, 0.64]

Day 2 19.3 [0.8, 37.8] 0.85 [0.03, 1.64]a −0.02 [−0.64, 0.6] 0.13 [−0.56, 0.81]

Day 3 18.8 [6.1, 31.5] 1.06 [0.26, 1.83]a 0.19 [−0.42, 0.79]

Day 4 22 [10.8, 33.2] 1 [0.35, 1.62]a

Motivation 0–100 AU

Day 1 −0.6 [−18.5, 17.3] −0.03 [−0.66, 0.61] −0.05 [−0.64, 0.55] 0.28 [−0.44, 0.98] −0.12 [−1.07, 0.84]

Day 2 −2 [−25.1, 21.1] −0.07 [‐0.78, 0.64] 0.29 [−0.45, 1.01] −0.06 [−0.89, 0.78]

Day 3 6.4 [−11.6, 24.4] 0.37 [−0.56, 1.27] −0.37 [−0.98, 0.25]

Day 4 −3.8 [−24.8, 17.2] −0.12 [−0.68, 0.45]

Physical fatigue 0–100 AU

Day 1 30.9 [11.4, 50.4] 1.4 [0.38, 2.38]b −0.19 [−0.91, 0.55] −0.53 [−1.4, 0.38] −0.85 [−1.78, 0.12]a

Day 2 26.1 [8.7, 43.5] 1.25 [0.31, 2.15]b −0.34 [−1.17, 0.51] −0.68 [−1.64, 0.31]a

Day 3 19.1 [7.4, 30.8] 0.9 [0.26, 1.51]a −0.43 [−1.47, 0.64]

Day 4 12.8 [3.4, 22.2] 0.62 [0.12, 1.09]a

Stress 0–100 AU

Day 1 −4 [−23.9, 15.9] −0.21 [−1.12, 0.71] 0.02 [−0.62, 0.65] 0.19 [−0.47, 0.84] 0.15 [−0.72, 1.01]

Day 2 −3.6 [−18.4, 11.2] −0.21 [−0.97, 0.55] 0.2 [−0.58, 0.97] 0.16 [−0.96, 1.28]

Day 3 1.9 [−21.7, 25.5] 0.08 [−0.83, 1] −0.08 [−0.77, 0.61]

Day 4 −0.3 [−14.7, 14.1] −0.02 [−0.71, 0.67]

Tiredness 0–100 AU

Day 1 11.9 [−3, 26.8] 0.7 [−0.14, 1.5]a 0.17 [‐0.56, 0.9] −0.64 [−1.53, 0.27]a −0.11 [−0.98, 0.76]

Day 2 15.4 [1.4, 29.4] 0.74 [0.05, 1.4]a −0.89 [−1.83, 0.09]a −0.28 [−1.23, 0.68]

Day 3 1.3 [−6.3, 8.9] 0.06 [−0.23, 0.33] 0.48 [−0.57, 1.5]

Day 4 9.5 [−6.2, 25.2] 0.39 [‐0.2, 0.95]

Variables

PRE versus POST

Mean difference

[95%CI]

Effect size

[95%CI]

Changes between days (effect size [95%CI])

vs day 2 vs day 3 vs day 4

BRUMS vigor 0–16

Day 1 −2.2 [−4, −0.4] −0.67 [−1.22, −0.09]a 0.08 [−0.64, 0.79] 0.64 [−0.47, 1.71]a −0.04 [−0.82, 0.74]

Day 2 −1.9 [−5.3, 1.5] −0.54 [−1.4, 0.35] 0.34 [−0.6, 1.26] −0.11 [−0.79, 0.58]

Day 3 −0.6 [−2.4, 1.2] −0.2 [−0.74, 0.34] −0.73 [−1.87, 0.44]a

Day 4 −2.3 [−3.8, −0.8] −0.72 [−1.23, −0.18]a

BRUMS fatigue 0–16

Day 1 3.1 [0.1, 6.1] 0.78 [0.01, 1.51]a 0.11 [−0.86, 1.08] −0.58 [−1.43, 0.3] 0.03 [−0.99, 1.05]

Day 2 3.6 [0.3, 6.9] 0.9 [0.05, 1.72]a −0.68 [−1.52, 0.2]a −0.11 [−1.1, 0.88]

Day 3 1 [−1, 3] 0.23 [−0.2, 0.65] 0.92 [−0.06, 1.85]a

Day 4 3.2 [1.9, 4.5] 0.92 [0.38, 1.44]a

8 - LAM ET AL.
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multiple days of actual orienteering competition as a recent review

has reported that the extent of MF is related to the amount of effort

invested (Giboin et al., 2019) and orienteering experts have

concluded the type of MF was perceived to be different between

training and competition (Lam, Sproule, Turner, Murgatroyd,

et al., 2023). The competition preparation camp in this study had

different conditions compared to an actual competition, including

variations in atmosphere, duration and psychological responses. The

study design meant that all athletes stayed in the same accommo-

dation and followed very similar daily patterns. However, it is still

likely that there were inter‐individual differences in other factors

that may influence recovery. For example, previous research has

reported the relevance of sleep for MF (Loch et al., 2020), yet sleep

was not monitored in the current training camp. Importantly, the

participants arriving at the venue a day before the start of

the training camp may serve as a confounding variable in assessing

the overall recovery. Previous research has reported that the sleep

quality of elite athletes is negatively affected by the “first‐night ef-

fect” (Hof zum Berge et al., 2021). The changes in sleeping environ-

ment and activity patterns may contribute to reduced mental

recovery (Loch et al., 2020), and the intense training schedule could

further increase the challenges in determining whether the changes

are related to training and/or poor recovery. Therefore, it is advisable

to measure sleep quality when examining the overall recovery of

athletes in future research. As the ratings of MF are subjective, the

findings only reflect changes in psychological responses specifically

during the competition preparation camp and may not be generalized

to other occasions, such as different training camps or actual com-

petitions. The amount of time needed to recover from MF acutely

elicited by participating in sport is unclear as previous observational

studies with soccer players (Thompson et al., 2020; Abbott

et al., 2020) and netball players (Russell, Jenkins, Halson, &

Kelly, 2019) have demonstrated that MF can impair recovery.

4.2 | Acute changes in other psychological variables
and mood state after orienteering training

Even though a moderate correlation between the pre‐ and post‐
orienteering changes in perceived MF and PF was reported, the

T A B L E 1 (Continued)

Variables

PRE versus POST

Mean difference

[95%CI]

Effect size

[95%CI]

Changes between days (effect size [95%CI])

vs day 2 vs day 3 vs day 4

BRUMS confusion 0–16

Day 1 0.5 [−1.5, 2.5] 0.23 [−0.57, 1.01] 0.2 [−0.76, 1.15] 0.3 [−0.79, 1.37] 0.13 [−0.93, 1.18]

Day 2 1 [−0.6 2.6] 0.65 [−0.33, 1.6]a 0.14 [−0.27, 0.55] −0.04 [−0.86, 0.79]

Day 3 1.4 [−0.9, 3.7] 0.55 [−0.3, 1.36] −0.15 [−0.88, 0.58]

Day 4 0.9 [−1.4, 3.2] 0.33 [−0.44, 1.09]

aA moderate difference (d ≥ 0.6).
bA large difference (d ≥ 1.2).

T A B L E 2 The extent of the changes in all outcome variables immediately and 24 and 48 h after the last training session of the

orienteering training camp.

Variables

POST4 versus 24POST 24POST versus 48POST PRE1 versus 48POST

Mean difference
[95%CI]

Effect size
[95%CI]

Mean difference
[95%CI]

Effect size
[95%CI]

Mean difference
[95%CI]

Effect size
[95%CI]

MF −20.4 [‐40.5, −0.2] −1.04 [−2.02, −0.01]a −8.1 [−22.3, 6.1] −0.35 [−0.91, 0.22] 17.3 [−1.7, 36.3] 0.86 [−0.07, 1.75]a

Motivation 19 [7.2, 30.8] 0.71 [0.2, 1.19]a 7.4 [−0.6, 15.4] 0.35 [−0.02, 0.7] 5.2 [−13.6, 23.9] 0.22 [−0.48, 0.9]

PF −13.8 [−27.6, 0] −0.69 [−1.34, 0]a −14.4 [−36.7, 8] −0.68 [−1.64, 0.31]a 9.4 [−11.8, 30.6] 0.46 [−0.49, 1.39]

Stress 13.3 [−0.7, 27.2] 0.77 [−0.03, 1.54]a −7.4 [−21.9, 7.2] −0.43 [−1.2, 0.35] 2.4 [−11.7, 16.5] 0.12 [−0.53, 0.78]

Tiredness −5.9 [−19.3, 7.5] −0.3 [−0.91, 0.32] −14.4 [−26, −2.7] −0.67 [−1.22, −0.1]a 0.5 [−13.5, 14.6] 0.03 [−0.57, 0.62]

Vigor 1.5 [−0.5, 3.6] 0.56 [−0.15, 1.24] 1.3 [−0.7, 3.2] 0.45 [−0.2, 1.07] −3.3 [−5, −1.5] −1.02 [−1.65, −0.36]a

Fatigue −3 [−5.3, −0.7] −0.92 [−1.64, −0.17]a −1.9 [−3.4, −0.4] −0.58 [−1.03, −0.1] 0.7 [−2.2, 3.6] 0.2 [−0.52, 0.92]

Confusion −1.7 [−3.5, 0] −0.79 [−1.54, 0]a −0.9 [−1.7, −0.1] −1 [−1.89, −0.08]a −1.5 [−3, 0.1] −0.85 [−1.71, 0.04]a

Note: Data from all participants (n = 11).
aModerate extent of change in the comparison (ES ≥ 0.6).
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pattern of changes between MF and PF before and after orienteering

training was different, particularly on post‐training value on day two

to three of the training camp. Furthermore, a variance of 22.1% (R‐
squared) clearly illustrates that although MF and PF were somewhat

related, the athletes consider them to be distinct phenomena. The

ratings of MF constantly increased after each training session, indi-

cating a progressive increase in MF. This supports the findings in

previous research with elite netball players (Russell et al., 2019b,

2022a), indicating MF is a largely separate construct from PF and

should be managed intentionally. It is important to emphasize that

the goal of the training camp is to purposefully increase the amount

of stress and training load in order to support athletes' physiological

adaptability and development. While orienteering training acutely

increased perceived MF and PF, which may have affected the ath-

letes' overall psychological responses, future longitudinal studies will

be insightful in determining how these acute changes that occur

during the training camp affect the athletes' overall training adap-

tation accumulated over time. In contrast, a trivial to small decline in

stress ratings following orienteering training reflects that perceived

stress is unlikely to be related to MF. This observation supports the

findings of a 2‐year longitudinal study with elite netballers where

stress was reported to be different to MF (Russell, Jenkins, Halson,

Juliff, et al., 2022). The higher stress ratings before training amongst

the participants in this study, who were performing a simulated

orienteering race, may be attributed to pre‐competition stress as

indicated by the international orienteering experts (Lam, Sproule,

Turner, Murgatroyd, et al., 2023). When comparing the extent of

changes between different training days, it is important to

acknowledge the wide confidence interval, reflecting the greater

variability in the data. This variability is justifiable due to the nature

of subjective measures, which can vary between individuals. The

same applies to other outcome variables, where the confidence in-

tervals of the findings overlapped with the value of 0. This indicates

that the observed differences are not large enough to report mean-

ingful changes, and there is no statistically significant difference.

Moreover, the trivial changes in stress ratings can be explained by

the nature of orienteering, as orienteers are used to performing

under a high physical and cognitive stress environment (Batista

et al., 2020; Eccles et al., 2015). In support of this, Martin et al. (2019)

have found that the individuals who frequently engage in a high self‐
regulated environment perceive less stress than others. Similar to

previous research, the perceived stress measured in this study was

not clearly defined where there might be a variation in the inter-

pretation and definition of stress between participants (Lam, Sproule,

Turner, & Phillips, 2023; Russell, Jenkins, Halson, Juliff, et al., 2022).

For a more accurate measurement of stress, future research should

specify the type of stress, for example, cognitive stress instead of a

general stress in order to further explore any potential interplay

between stress and MF.

Although a trivial to moderate increase in the ratings of tiredness

was reported after orienteering training, the extent of changes was

different between MF and tiredness which highlighted that MF

should not be defined as an increase in perceived tiredness. This is in

agreement with previous data in elite netball players (Russell, Jen-

kins, Halson, Juliff, et al., 2022). In agreement with the revised defi-

nition of MF mentioned in Lam, Sproule, Turner, Murgatroyd,

et al., 2023), the difference in the changes between MF and tiredness

ratings in the current study challenge the accuracy of the existing

definition of MF that is widely used in the literature (Habay

et al., 2021; Van Cutsem et al., 2017). Accordingly, it may be

reasonable for future investigation with orienteers to utilize the

revised definition of MF to enhance the specificity and accuracy of

the discussion.

As reported in the systematic review by Van Cutsem et al. (Van

Cutsem et al., 2017), the vigor and fatigue ratings of BRUMS are

negatively affected when individuals experience MF. In the current

study, we consistently observed that ratings of BRUMS vigor

decreased, and fatigue increased, when the participants reported a

higher perceived MF after each training session. However, we uti-

lized an observational study design, meaning it could not indicate

whether the changes in BRUMS vigor and fatigue were attributed

solely to the presence of MF, or other additional factors during

training. Similar limitations existed in Selmi et al. (2022), who re-

ported a decrease in BRUMS vigor and increase in fatigue during a 2‐
week soccer training camp. Therefore, it appears that there is a

tendency for mentally fatigued individuals to rate these two variables

negatively as demonstrated in the majority of the MF research (Van

Cutsem et al., 2017). The BRUMS confusion rating also presented a

small to moderate increase following orienteering training, support-

ing the consensus in Lam, Sproule, Turner, Murgatroyd, et al., 2023)

that confusion can occur in an MF state. Therefore, inclusion of the

BRUMS confusion subscale in future MF investigations while

measuring the mood state of the orienteers, as well as considering if

interventions to reduce MF also effectively reduce ratings of confu-

sion, may be warranted.

4.2.1 | Changes in subjective outcome variables 24‐
and 48‐h after orienteering training camp

The ratings for perceived MF, PF, stress, tiredness, BRUMS vigor and

confusion remained impaired at 48POST when compared to PRE1, in

line with data in soccer players (Thompson et al., 2020; Abbott

et al., 2020; Abbott et al., 2018). Inadequate recovery can be related

to poor sleep quality during training and competition (Fullagar

et al., 2016). However, we did not assess perceived sleep quality and

recovery. It remains unclear whether the impaired ratings during and

post‐training camp are related to sleep and recovery. Importantly,

the aim of this investigation was to observe MF changes during

orienteering training. Therefore, future research is needed to

examine whether perceived recovery and sleep quality influence the

changes in MF.

It is acknowledged that the training camp recorded in this study

was a competition preparation camp where the participants were

expected to perform a series of simulated races over 4 days instead

of conventional orienteering training. Therefore, this study cannot

10 - LAM ET AL.
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validate whether orienteers would experience the similar delay in

recovery observed in this study during a typical preseason training

week or camp. Importantly, although previous research has reported

that routine school/university education and non‐orienteering chal-

lenges might also affect perceived MF and psychological responses

negatively (Lam, Sproule, Turner, Murgatroyd, et al., 2023; Thompson

et al., 2020), the influence of education on delayed recovery in

24POST and 48POST should be limited as the participants in this

study were full‐time students and were on spring break. To address

this limitation, future research could implement a longitudinal

research design to determine the day‐to‐day changes and observe if

a normal training week would generate a similar result to that of a

training camp.

5 | LIMITATIONS

The physical demands of the orienteering competition preparation

camp were not recorded; thus, the athlete reports cannot be

contextualized to the training load on any particular day. While this

study recorded the type of race performed on each specific day of the

training camp, it would have been useful to request participants to

record their running time and completion time for each orienteering

race. This additional information could have facilitated a discussion on

whether the duration of the race influenced the extent of changes in

self‐report measures, although given that coaches will have been

feeding back on performance during the training, this unknown factor

may have added further complexity to such interpretation. This study

acknowledges that factors such as nutrition intake and sleep quality

were not recorded and certainly not controlled, and these can be seen

as confounding variables since the recovery status of individuals has

been shown to be related to MF (Loch et al., 2020). Additionally,

intense training over consecutive days could potentially be detri-

mental to the recovery process. Furthermore, the study did not record

post‐training activities, which could also be considered confounding

variables, such as the use of smartphones (Fortes et al., 2019) and

playing video games (Faro et al., 2022), which have been shown to

impair MF ratings. Participants in this study were all national junior

level orienteers, which may not be generalizable to changes in pro-

fessional orienteers, and further research is required at this elite level.

The small sample size in this study is a further limitation, with only

22% of the approximately 50 orienteers who attended the training

camp providing both consent and parental consent to participate. It is

important to consider that the participants were under the age of

18 years, and parental consent was required before the experiment,

which could have further decreased the number of participants due to

the delay in submitting relevant documents.

6 | PRACTICAL APPLICATIONS

This study demonstrates that orienteers can experience MF during

orienteering training sessions and emphasizes the importance of

addressing this phenomenon in training programmes. Failing to

recover from increased perception of MF after previous training days

can result in higher perceived MF on subsequent days, which can

potentially impact the endurance and cognitive performance of ori-

enteers. To optimize performance and mitigate the accumulation and

effects of MF, practitioners are advised to minimize training fre-

quency before competitions. If multiple training sessions are un-

avoidable, implementing effective fatigue management strategies to

enhance recovery is recommended.

7 | CONCLUSION

This study demonstrated that participating in an orienteering training

camp leads to acute increases in ratings of MF, PF, tiredness, BRUMS

fatigue and confusion, and a decrease in motivation, stress and

BRUMS vigor in national junior orienteers. This study also discovered

that perceived MF accumulated during a 4‐day training camp, with

post‐training ratings gradually increased until the end of the training

camp.

AUTHOR CONTRIBUTION

Hui Kwan Nicholas Lam: conceptualization, manuscript writing (first

draft), participant recruitment, data collection, data analysis, manu-

script review and editing. John Sproule: research project supervision,

manuscript review and editing; Anthony P. Turner: research project

supervision, manuscript review and editing; Shaun M. Phillips:

research project supervision, manuscript review and editing.

ACKNOWLEDGEMENT

We would like to recognize the generous contribution of the national

team athletes to this experiment, and express our appreciation to Mr

Paul Murgatroyd for linking Mr Hui Kwan Nicholas Lam (author) with

the British Orienteering performance managers and Talent Squad

coaches (Jon Musgrave, Judith Bell, Peter Tryner, Richard Tiley, Mark

Saunders and Bernard Dietzig). We are also grateful to Dr Suzanna

Russell for her beneficial advice on the design of our experiment and

manuscript write‐up. Moreover, Mr. Hui Kwan Nicholas Lam (author)

is thankful to the national orienteering team coaches and managers

involved in the investigation for connecting him to their athletes.

CONFLICT OF INTEREST STATEMENT

The authors declare no potential conflict of interest.

DATA AVAILABILITY STATEMENT

The data are not publicly available due to privacy or ethical

restrictions.

ORCID

Hui Kwan Nicholas Lam https://orcid.org/0000-0001-7823-5721

REFERENCES

Abbott, Will, Thomas E. Brownlee, Liam D. Harper, Robert J. Naughton,

and Tom Clifford. 2018. “The Independent Effects of Match Loca-

tion, Match Result and the Quality of Opposition on Subjective

EUROPEAN JOURNAL OF SPORT SCIENCE - 11

 15367290, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ejsc.12071 by N

es, E
dinburgh C

entral O
ffice, W

iley O
nline L

ibrary on [09/02/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0001-7823-5721
https://orcid.org/0000-0001-7823-5721
https://orcid.org/0000-0001-7823-5721


Wellbeing in under 23 Soccer Players: a Case Study.” Research in
Sports Medicine 26(3): 262–75. https://doi.org/10.1080/15438627.

2018.1447476.

Abbott, William, Thomas E. Brownlee, Robert J. Naughton, Tom Clifford,

Richard Page, and Liam D. Harper. 2020. “Changes in Perceptions of

Mental Fatigue during a Season in Professional Under‐23 English

Premier League Soccer Players.” Research in Sports Medicine 28(4):

529–39. https://doi.org/10.1080/15438627.2020.1784176.

Batista, Mayara M., Ana C. Paludo, Michael P. Da Silva, Marcos V. Martins,

Paulo H. Pauli, Gabriela Dal’maz, Joice M. Stefanello, and Marcus P.

Tartaruga. 2021. “Effect of Mental Fatigue on Performance,

Perceptual and Physiological Responses in Orienteering Athletes.”

The Journal of Sports Medicine and Physical Fitness 61(5): 673–9.

https://doi.org/10.23736/s0022‐4707.21.11334‐9.

Batista, M. M., A. C. Paludo, J. N. Gula, P. H. Pauli, and M. P. Tartaruga.

2020. Physiological and Cognitive Demands of Orienteering: A System-
atic. Sport Sciences for Health.

Batterham, Alan M., and William G. Hopkins. 2006. “Making Meaningful In-

ferences about Magnitudes.” International Journal of Sports Physiology
and Performance 1(1): 50–7. https://doi.org/10.1123/ijspp.1.1.50.

Brandt, Ricardo, Dafne Herrero, Thaís Massetti, Tânia Brusque Crocetta,

Regiani Guarnieri, Carlos Bandeira de Mello Monteiro, Maick da

Silveira Viana, Guilherme Guimarães Bevilacqua, Luiz Carlos de

Abreu, and Alexandro Andrade. 2016. “The Brunel Mood Scale

Rating in Mental Health for Physically Active and Apparently

Healthy Populations.” Health 8(2): 125–32. https://doi.org/10.4236/

health.2016.82015.

Brown, Denver M. Y., Jeffrey D. Graham, Kira I. Innes, Sheereen Harris,

Ashley Flemington, and Steven R. Bray. 2020. “Effects of Prior

Cognitive Exertion on Physical Performance: A Systematic Review

and Meta‐Analysis.” Sports Medicine 50(3): 497–529. https://doi.org/

10.1007/s40279‐019‐01204‐8.

Cao, Shudian, Soh Kim Geok, Samsilah Roslan, He Sun, Soh Kim Lam, and

Shaowen Qian. 2022. “Mental Fatigue and Basketball Performance:

A Systematic Review.” Frontiers in Psychology 12: 819081. https://

doi.org/10.3389/fpsyg.2021.819081.

Coutinho, Diogo, Bruno Gonçalves, Bruno Travassos, Del P. Wong,

Aaron J. Coutts, and Jaime E. Sampaio. 2017. “Mental Fatigue and

Spatial References Impair Soccer Players' Physical and Tactical

Performances.” Frontiers in Psychology 8. https://doi.org/10.3389/

fpsyg.2017.01645.

Coyne, Joseph O. C., Aaron J. Coutts, Robert U. Newton, and G. Gregory

Haff. 2021. “The Influence of Mental Fatigue on Sessional Ratings of

Perceived Exertion in Elite Open and Closed Skill Sports Athletes.”

The Journal of Strength & Conditioning Research 35(4): 963–9. https://

doi.org/10.1519/jsc.0000000000003980.

Creagh, Una, and Thomas Reilly. 1997. “Physiological and Biomechanical

Aspects of Orienteering.” Sports Medicine 24(6): 409–18. https://doi.

org/10.2165/00007256‐199724060‐00005.

Cumming, G. 2012. Understanding the New Statistics Effect Sizes, Confidence
Intervals, and Meta‐Analysis. New York: New York: Routledge.

Eccles, David W., and Guler Arsal. 2015. “How Do They Make it Look So

Easy? the Expert Orienteer's Cognitive Advantage.” Journal of Sports
Sciences 33(6): 609–15. https://doi.org/10.1080/02640414.2014.

951953.

Faro, Heloiana, Leonardo de Sousa Fortes, Dalton de Lima‐Junior,

Bruno Teixeira Barbosa, Maria Elisa Caputo Ferreira, and

Sebastião Sousa Almeida. 2022. “Sport‐based Video Game Causes

Mental Fatigue and Impairs Visuomotor Skill in Male Basketball

Players.” International Journal of Sport and Exercise Psychology 21(6):

1–15: ahead‐of‐print(ahead‐of‐print). https://doi.org/10.1080/

1612197x.2022.2109187.

Fortes, Leonardo S., Dalton Lima‐Junior, José R. A. Nascimento‐Júnior,

Eduardo C. Costa, Marcelo O. Matta, and Maria E. C. Ferreira. 2019.

“Effect of Exposure Time to Smartphone Apps on Passing Decision‐

Making in Male Soccer Athletes.” Psychology of Sport and Exercise 44:

35–41. https://doi.org/10.1016/j.psychsport.2019.05.001.

Fullagar, Hugh H. K., Sabrina Skorski, Rob Duffield, Ross Julian, Jon Bar-

tlett, and Tim Meyer. 2016. “Impaired Sleep and Recovery after

Night Matches in Elite Football Players.” Journal of Sports Sciences
34(14): 1333–9. https://doi.org/10.1080/02640414.2015.1135249.

Giboin, L.‐Solal, and Wanja Wolff. 2019. “The Effect of Ego Depletion or

Mental Fatigue on Subsequent Physical Endurance Performance: A

Meta‐Analysis.” Performance Enhancement & Health 7(1–2): 100150.

https://doi.org/10.1016/j.peh.2019.100150.

Habay, Jelle, Jeroen Van Cutsem, Jo Verschueren, Sander De Bock, Mat-

thias Proost, Jonas De Wachter, Bruno Tassignon, Romain Meeusen,

and Bart Roelands. 2021. “Mental Fatigue and Sport‐specific Psy-

chomotor Performance: A Systematic Review.” Sports Medicine 51(7):

1527–48. https://doi.org/10.1007/s40279‐021‐01429‐6.

Hof zum Berge, Annika, Michael Kellmann, and Sarah Jakowski. 2021.

“The First‐Night Effect in Elite Sports: An Initial Glance on Poly-

somnography in Home‐Based Settings.” Frontiers in Psychology 12:

641451. https://doi.org/10.3389/fpsyg.2021.641451.

Hopkins, William G., Stephen W. Marshall, Alan M. Batterham, and Juri

Hanin. 2009. “Progressive Statistics for Studies in Sports Medicine

and Exercise Science.” Medicine & Science in Sports & Exercise 41(1):

3–13. https://doi.org/10.1249/mss.0b013e31818cb278.

Lam, Hui Kwan Nicholas, John Sproule, Anthony P. Turner, Paul Murga-

troyd, Graham Gristwood, Hugh Richards, and Shaun M. Phillips.

2023. “International Orienteering Experts' Consensus on the Defi-

nition, Development, Cause, Impact and Methods to Reduce Mental

Fatigue in Orienteering: A Delphi Study.” Journal of Sports Sciences
40(23): 1–2607. https://doi.org/10.1080/02640414.2023.2177027.

Lam, Hui Kwan Nicholas, John Sproule, Anthony P. Turner, and Shaun M.

Phillips. 2023. “The Impact of Sprint, Middle‐Distance, and Long‐
Distance Orienteering Races on Perceived Mental Fatigue in Na-

tional Level Orienteers.” Journal of Sports Sciences 41(15): 1–14.

https://doi.org/10.1080/02640414.2023.2273097.

Lee, Kathryn A., Gregory Hicks, and German Nino‐Murcia. 1991. “Validity

and Reliability of a Scale to Assess Fatigue.” Psychiatry Research
36(3): 291–8. https://doi.org/10.1016/0165‐1781(91)90027‐m.

Loch, Fabian, Annika Hof zum Berge, Alexander Ferrauti, Tim Meyer,

Mark Pfeiffer, Michael Kellmann, and M. Kellmann. 2020. “Acute

Effects of Mental Recovery Strategies after a Mentally Fatiguing

Task.” Frontiers in Psychology 11: 558856. https://doi.org/10.3389/

fpsyg.2020.558856.

Martin, Kristy, Kevin G. Thompson, Richard Keegan, and Ben Rattray. 2019.

“Are Individuals Who Engage in More Frequent Self‐Regulation Less

Susceptible to Mental Fatigue?” Journal of Sport & Exercise Psychology
41(5): 1–297. https://doi.org/10.1123/jsep.2018‐0222.

McKay, Alannah K. A., Trent Stellingwerff, Ella S. Smith, David T. Martin,

Iñigo Mujika, Vicky L. Goosey‐Tolfrey, Jeremy Sheppard, and

Louise M. Burke. 2022. “Defining Training and Performance Caliber:

A Participant Classification Framework.” International Journal of
Sports Physiology and Performance 17(2): 317–31. https://doi.org/10.

1123/ijspp.2021‐0451.

Russell, Suzanna, David Jenkins, Steven Rynne, Shona L. Halson, and

Vincent Kelly. 2019. “What Is Mental Fatigue in Elite Sport? Per-

ceptions from Athletes and Staff.” European Journal of Sport Science
19(10): 1367–76. https://doi.org/10.1080/17461391.2019.

1618397.

Russell, Suzanna, David G. Jenkins, Shona L. Halson, Laura E. Juliff, Mark J.

Connick, and Vincent G. Kelly. 2022. “Mental Fatigue over 2 Elite

Netball Seasons: A Case for Mental Fatigue to Be Included in Athlete

Self‐Report Measures.” International Journal of Sports Physiology and
Performance 17(2): 160–9. https://doi.org/10.1123/ijspp.2021‐0028.

Russell, Suzanna, David G. Jenkins, Shona L. Halson, Laura E. Juliff, and

Vincent G. Kelly. 2021. “How Do Elite Female Team Sport Athletes

Experience Mental Fatigue? Comparison between International

12 - LAM ET AL.

 15367290, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ejsc.12071 by N

es, E
dinburgh C

entral O
ffice, W

iley O
nline L

ibrary on [09/02/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1080/15438627.2018.1447476
https://doi.org/10.1080/15438627.2018.1447476
https://doi.org/10.1080/15438627.2020.1784176
https://doi.org/10.23736/s0022-4707.21.11334-9
https://doi.org/10.1123/ijspp.1.1.50
https://doi.org/10.4236/health.2016.82015
https://doi.org/10.4236/health.2016.82015
https://doi.org/10.1007/s40279-019-01204-8
https://doi.org/10.1007/s40279-019-01204-8
https://doi.org/10.3389/fpsyg.2021.819081
https://doi.org/10.3389/fpsyg.2021.819081
https://doi.org/10.3389/fpsyg.2017.01645
https://doi.org/10.3389/fpsyg.2017.01645
https://doi.org/10.1519/jsc.0000000000003980
https://doi.org/10.1519/jsc.0000000000003980
https://doi.org/10.2165/00007256-199724060-00005
https://doi.org/10.2165/00007256-199724060-00005
https://doi.org/10.1080/02640414.2014.951953
https://doi.org/10.1080/02640414.2014.951953
https://doi.org/10.1080/1612197x.2022.2109187
https://doi.org/10.1080/1612197x.2022.2109187
https://doi.org/10.1016/j.psychsport.2019.05.001
https://doi.org/10.1080/02640414.2015.1135249
https://doi.org/10.1016/j.peh.2019.100150
https://doi.org/10.1007/s40279-021-01429-6
https://doi.org/10.3389/fpsyg.2021.641451
https://doi.org/10.1249/mss.0b013e31818cb278
https://doi.org/10.1080/02640414.2023.2177027
https://doi.org/10.1080/02640414.2023.2273097
https://doi.org/10.1016/0165-1781(91)90027-m
https://doi.org/10.3389/fpsyg.2020.558856
https://doi.org/10.3389/fpsyg.2020.558856
https://doi.org/10.1123/jsep.2018-0222
https://doi.org/10.1123/ijspp.2021-0451
https://doi.org/10.1123/ijspp.2021-0451
https://doi.org/10.1080/17461391.2019.1618397
https://doi.org/10.1080/17461391.2019.1618397
https://doi.org/10.1123/ijspp.2021-0028


Competition, Training and Preparation Camps.” European Journal of
Sport Science 22(6): 1–26. https://doi.org/10.1080/17461391.2021.

1897165.

Russell, Suzanna, David G. Jenkins, Shona L. Halson, and Vincent G. Kelly.

2022. “Mental Fatigue Increases across a 16‐week Pre‐season in

Elite Female Athletes.” Journal of Science and Medicine in Sport 25(4):

356–61. https://doi.org/10.1016/j.jsams.2021.12.002.

Russell, Suzanna, David Jenkins, Shona Halson, and Vincent Kelly. 2019.

“Changes in Subjective Mental and Physical Fatigue during Netball

Games in Elite Development Athletes.” Journal of Science andMedicine
in Sport 23(6): 615–20. https://doi.org/10.1016/j.jsams.2019.12.017.

Selmi, Okba, Danielle E. Levitt, Ibrahim Ouergui, Bilel Aydi, Anissa

Bouassida, Katja Weiss, and Beat Knechtle. 2022. “Effect of Inten-

sified Training Camp on Psychometric Status, Mood State, and He-

matological Markers in Youth Soccer Players.” Children 9(12): 1996.

https://doi.org/10.3390/children9121996.

Smith, Mitchell R., Rifai Chai, Hung T. Nguyen, Samuele M. Marcora, and

Aaron J. Coutts. 2019. “Comparing the Effects of Three Cognitive

Tasks on Indicators of Mental Fatigue.” Journal of Psychology 153(8):

759–83. https://doi.org/10.1080/00223980.2019.1611530.

Smith, Mitchell R., Chris Thompson, Samuele M. Marcora, Sabrina Skorski,

Tim Meyer, and Aaron J. Coutts. 2018. “Mental Fatigue and Soccer:

Current Knowledge and Future Directions.” Sports Medicine 48(7):

1525–32. https://doi.org/10.1007/s40279‐018‐0908‐2.

Sun, He, Kim Geok Soh, Alireza Mohammadi, Xuanji Wang, Zuchang Bin,

and Zijian Zhao. 2022. “Effects of Mental Fatigue on Technical

Performance in Soccer Players: A Systematic Review with a Meta‐
Analysis.” Frontiers in Public Health 10: 922630. https://doi.org/10.

3389/fpubh.2022.922630.

Thompson, Chris J., Mark Noon, Chris Towlson, John Perry, Aaron J.

Coutts, Liam D. Harper, Sabrina Skorski, Mitchell R. Smith, Steve

Barrett, and Tim Meyer. 2020. “Understanding the Presence of

Mental Fatigue in English Academy Soccer Players.” Journal of Sports
Sciences 38(13): 1524–30. https://doi.org/10.1080/02640414.2020.

1746597.

Van Cutsem, Jeroen, Samuele Marcora, Kevin De Pauw, Stephen Bailey,

Romain Meeusen, and Bart Roelands. 2017. “The Effects of Mental

Fatigue on Physical Performance: A Systematic Review.” Sports
Medicine 47(8): 1569–88. https://doi.org/10.1007/s40279‐016‐
0672‐0.

EUROPEAN JOURNAL OF SPORT SCIENCE - 13

 15367290, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ejsc.12071 by N

es, E
dinburgh C

entral O
ffice, W

iley O
nline L

ibrary on [09/02/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1080/17461391.2021.1897165
https://doi.org/10.1080/17461391.2021.1897165
https://doi.org/10.1016/j.jsams.2021.12.002
https://doi.org/10.1016/j.jsams.2019.12.017
https://doi.org/10.3390/children9121996
https://doi.org/10.1080/00223980.2019.1611530
https://doi.org/10.1007/s40279-018-0908-2
https://doi.org/10.3389/fpubh.2022.922630
https://doi.org/10.3389/fpubh.2022.922630
https://doi.org/10.1080/02640414.2020.1746597
https://doi.org/10.1080/02640414.2020.1746597
https://doi.org/10.1007/s40279-016-0672-0
https://doi.org/10.1007/s40279-016-0672-0

	Changes in perceived mental fatigue, physical fatigue and mood state during a 4‐day national junior orienteering competitio ...
	1 | INTRODUCTION
	2 | METHODS
	2.1 | Experimental design
	2.2 | Participants
	2.3 | Orienteering training camp
	2.4 | Procedure
	2.5 | Online self‐report measures
	2.6 | Perceived mental fatigue, physical fatigue, motivation, tiredness and stress
	2.7 | Mood state
	2.8 | Statistical analysis

	3 | RESULTS
	3.1 | Pre‐ and post‐ orienteering training
	3.2 | Pre‐to post‐training changes across consecutive days
	3.3 | Changes after the termination of the orienteering training camp

	4 | DISCUSSION
	4.1 | Acute changes in perceived mental fatigue after orienteering training
	4.2 | Acute changes in other psychological variables and mood state after orienteering training
	4.2.1 | Changes in subjective outcome variables 24‐ and 48‐h after orienteering training camp


	5 | LIMITATIONS
	6 | PRACTICAL APPLICATIONS
	7 | CONCLUSION
	AUTHOR CONTRIBUTION
	ACKNOWLEDGEMENT
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT


