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Abstract
Purpose: The present study was conducted to investigate the effect of throw distance, mental fatigue
and muscular fatigue on throw accuracy and movement time in dart throwing skill.
Methods: This is quasi-experimental applied research with a pretest-posttest design and independent
variable intervention. Nineteen right-handed females and nine right-handed males participated in this
study. They were 28.96+0.64 years old in average, and had no regular experience in throwing darts.
Data were collected from the dart throwing task in six experimental conditions (three fatigue
conditions and two throwing distances). After checking the normality of data distribution using
skewness and kurtosis, 3 (fatigue) x 2 (throwing distance) analysis of variance test was used with
repeated measurements at a significance level of 0.05.
Results: The results showed that the main effect of fatigue (P=0.001) and the main effect of throw
distance (P=0.001), was significant on the throwing accuracy. However, no significant interaction
effect was observed (P=0.401). Also, the main effect of fatigue (P=0.001) and the main effect of
throwing distance (P=0.001) on movement time were significant. However, no significant interaction
effect was observed (P=0.909).
Conclusion: Mental and muscular fatigue can negatively affect the performance accuracy. On the
other hand, the movement time decreases by reducing the amount of force during muscular fatigue.
Also, increasing the throw distance can reduce the movement time to produce the required force and
thus reduce the throw accuracy.
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Extended Abstract
Background and Purpose

Understanding human motor performance
requires examining the interplay of individual,
environmental, and task-related constraints.
Among these, fatigue is a complex,
multidimensional phenomenon that impairs
the capacity for optimal performance.
Previous research distinguishes between
mental fatigue (resulting from prolonged
cognitive activity) and muscular fatigue
(resulting from sustained physical exertion).
Mental fatigue has been shown to reduce
attention, focus, and the ability to use feedback
effectively, while muscular fatigue reduces
force production capacity and disrupts
proprioceptive feedback. Dart throwing is a
goal-directed motor skill requiring both
accuracy and force generation. According to
Fitts’ law, there is a well-known speed-
accuracy trade-off: increasing movement
speed typically reduces spatial accuracy. As
throw distance increases, task difficulty and
force requirements also increase. However, it
remains unclear how different types of fatigue
(mental vs. muscular) interact with throw
distance to affect both movement time and
throwing accuracy.

Therefore, the purpose of the present study
was to investigate the independent and
interactive effects of throw distance (standard
vs. long), mental fatigue, and muscular fatigue
on throw accuracy and movement time in a
dart-throwing task.

Materials and Methods

This was a quasi-experimental applied study
with a pretest-posttest design and repeated
measures. A total of 28 right-handed
participants (19 females, 9 males; mean age =
28.96 + 0.64 years) with no regular dart-
throwing experience volunteered. Inclusion
criteria included normal or corrected vision,
no upper/lower limb injuries or pain, no
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neurological disorders, and no use of
psychoactive substances. Exclusion criteria
included insufficient sleep and failure to reach
fatigue indices (=50 on Visual Analog Scale
for mental fatigue; 50% reduction in maximal
upper limb force for muscular fatigue).
Instruments

- Stroop Task (mental fatigue induction): A
70-80-minute computerized Stroop task with
incongruent color-word stimuli.

- Visual Analog Scale (VAS): An 18-item
scale measuring perceived mental fatigue (0—
10 per item).

- Spring-loaded Dynamometer: Used to
measure maximal upper limb force (kgf).

- Resistance Band: Used to simulate dart-
throwing motion for muscular fatigue
induction.

- Dartboard, Darts, and Stand: Standard
dartboard with scoring 1-10; throwing
distances: standard (2.37 m) and long
(increased distance requiring greater force).
Participants first completed a familiarization
session with 90 practice throws (45 from each
distance). Then, each participant underwent
three experimental conditions in
counterbalanced order (one week apart):

1. Non-fatigue control condition: 14 blocks of
3 throws from both distances (randomized),
30s rest between blocks.

2. Mental fatigue condition: VAS assessment,
70-80 min Stroop task, post-task VAS (score
>50 confirmed fatigue), then 14 blocks of 3
throws from both distances. To prevent
recovery, participants repeated 15 min of
Stroop after the 7th block.

3. Muscular fatigue condition: Pre-test
maximal upper limb force measured.
Participants performed repeated simulated
throws with a resistance band until force
dropped to 50% of maximum. Then, 7 blocks
of 3 throws, with additional fatigue-inducing
sets between blocks to maintain fatigue.
Movement time was defined as the interval
from maximum elbow flexion to maximum
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elbow extension. Accuracy was the average
score per throw (1-10). Descriptive statistics
were computed for six conditions: (fatigue:
non, mental, muscular) x (distance: standard,
long). Normality was checked via skewness
and kurtosis. A 3 (fatigue) x 2 (distance)
repeated-measures ANOVA was used (o =
0.05). Effect sizes (partial eta-squared) were
interpreted  using  Cohen’s  guidelines
(0.01=small, 0.06=medium, 0.14=large).
Bonferroni post-hoc tests were applied.

Results

Manipulation Checks

- Muscular fatigue: Mean upper limb force
decreased from 8.88 + 0.35 kgf to 4.33 £ 0.17
kgf (51.24% reduction).

- Mental fatigue: Mean VAS score increased
from 17.43 + 0.69 to 127.14 + 3.38, indicating
a substantial increase in perceived mental
fatigue.

Throw Accuracy

The main effect of fatigue was significant
(F(1.63, 44.08) = 37.04, p = 0.001, 72 = 0.58).
Bonferroni  post-hoc tests showed that
accuracy was significantly lower in muscular
fatigue than in mental fatigue (p = 0.001) and
non-fatigue (p = 0.001); accuracy was also
significantly lower in mental fatigue than non-
fatigue (p = 0.001). The main effect of throw
distance was significant (F(1, 27) = 259.71, p
=0.001, 1= 0.91), with lower accuracy at the
long distance compared to standard distance.
The fatigue x distance interaction was not
significant (F(2, 54) = 0.93, p = 0.401, n?> =
0.03).

Movement Time

The main effect of fatigue was significant
(F(1.63, 44.18) = 30.98, p = 0.001, 2 = 0.53).
Post-hoc tests revealed that movement time
was significantly longer in muscular fatigue
than in mental fatigue (p = 0.001) and non-
fatigue (p = 0.001). There was no significant
difference between mental fatigue and non-
fatigue (p > 0.05). The main effect of throw
distance was significant (F(1, 27) = 36.32,p =
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0.001, n?>=0.57), with shorter movement time
at the long distance compared to standard
distance. The fatigue x distance interaction
was not significant (F(2, 54) = 0.09, p = 0.909,
n?=10.01).

Conclusion

The present study investigated the effects of
throw distance, mental fatigue, and muscular
fatigue on dart-throwing accuracy and
movement time. The results confirmed that
both mental and muscular fatigue impair
throwing accuracy, supporting the first
hypothesis. Participants in both fatigue
conditions scored lower than in the non-
fatigue condition, with muscular fatigue
causing a greater accuracy decrement than
mental fatigue. These findings can be
explained by attentional and proprioceptive
mechanisms. Mental fatigue reduces the
ability to maintain focus, allocate attention
efficiently, and use error-based feedback for
motor adjustments. According to the parallel
information processing model and
Easterbrook’s cue-utilization theory, mental
fatigue narrows attentional focus, preventing
optimal task monitoring. Previous studies
(e.g., Van der Linden et al., Boxma et al.) have
shown that mentally fatigued individuals
struggle with planning, strategy switching, and
ignoring irrelevant information, leading to
performance deterioration.

Muscular fatigue impairs accuracy primarily
through reduced proprioceptive feedback from
joints and  compensatory  variability
mechanisms. During dart throwing, proximal
deviations are normally corrected by distal
joints using proprioceptive input. However,
muscular fatigue disrupts this process,
reducing error correction and post-error
performance adjustment, as noted by Lorist et
al. and Boksem et al. Regarding movement
time, muscular fatigue significantly increased
movement time compared to both mental
fatigue and non-fatigue conditions. This is
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physically expected: given constant mass (the
dart), reduced force production (50% of
maximum)  directly  reduces velocity,
increasing movement time. In contrast, mental
fatigue did not significantly affect movement
time, consistent with Van Cutsem et al., who
found that mental fatigue affects perceived
effort and cognitive aspects of performance
but does not directly impair physiological
force-generating capacity. The results also
showed a clear speed-accuracy trade-off with
increased throw distance. At the long distance,
participants reduced movement time (i.e.,
increased throwing speed) to generate the
necessary force to reach the dartboard. This
increase in speed, however, led to a significant
decrease in throwing accuracy. This finding
aligns with Fitts’ law: as task difficulty
(distance) increases, the required speed
increases, and accuracy decreases. The lack of
significant interaction effects between fatigue
and distance suggests that fatigue and distance
independently influence performance, rather
than amplifying each other’s effects. This
study provides empirical evidence that both
mental and muscular fatigue negatively affect
dart-throwing accuracy, with muscular fatigue
having a more detrimental effect. Muscular
fatigue also increases movement time due to
reduced force capacity, whereas mental
fatigue does not alter movement time.
Increasing throw distance reduces movement
time (increases speed) to meet force demands,
but this speed increase comes at the cost of
reduced accuracy, consistent with the speed-
accuracy trade-off.
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1 Exercise
2 Visual Analog Scale
3 Stroop Task

4 Compensatory Variability
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