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Abstract

Background: Dart sport has become a sport that has recently become widespread among sports branches and its popularity is
increasing rapidly day by day. With this popularization, research on darts is increasing. It is stated that athletes can do the training
they do at any time of the day with a much better performance at a different time, as in many changing conditions. In addition, at
a different time of day, fatigue may be reached later or recovery may occur more quickly. For these reasons, knowing the effect of
training at different times of the day is important for both the coach and the athlete.
Objectives: The aim of this study was to investigate the effect of different times of the day on throwing performance in darts, an
indoor skill in which focus, attention, concentration are at the forefront and environmental factors are less effective than outdoor
skill.
Methods: In this study, 16 dart athletes (8 boys, 8 girls) with a sport age of 2 - 3 years and an age of 12 - 14 years, who did not have
any health problems in Mardin province, participated voluntarily: 2 m and 2.37 m from two different distances at 8.00 and 17.00,
1 day apart. Before the dart throws, the Daily Rhythm Determination Scale for Children was administered to the participants. The
center of the dartboard was placed at eye level for each subject. After the throws, the Perceived Difficulty Scale was applied. In the
analysis examining the relationship between perceived degree of difficulty, morningness-eveningness and throwing, the subjects’
evening throwing scores and evening perceived degree of difficulty scores were examined; a negative and significant relationship
was observed in the eveningist group (r = -1, P = 0.01). No significant relationship was observed in the morning group.
Results: In the study, a statistically significant difference was found between the subjects’ morning and evening throws at 2 m
and 2.37 cm. In both morning and evening groups, it was determined that the throwing performance increased in the evening
measurements.
Conclusions: As a result, this study concluded that there is an effect of time of day in dart sport and that dart throws made in the
evening give better results than dart throws made in the morning. Based on these results, it is recommended that a program should
be made by the coaches considering the school programs and daily routines to reduce the effect of time of day. It is thought that
this study will be important for chronobiological researches to reveal the factors affecting performance as well as the effect of time
of day in darts sport.
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1. Background

Dart sport is a sport branch that has recently become
popular among sports branches and its popularity is
increasing rapidly day by day. In dart sport, it is aimed
to score points by throwing and hitting small arrows
on the aiming board consisting of numbered rings (1).
Due to the structure of darts sport, many factors such
as concentration, attention, balance, and coordination
can be beneficial for performance. Especially, attention
and concentration can be impacted by external factors.

The time period is one of these factors. It is stated that
hand-eye coordination, which is one of the important
factors especially for darts sport, may differ according to
the time of day (2, 3).

Biological rhythm is defined as the cyclical,
biochemical, physiological and behavioral responses
of many living things to recurring physical factors in
the external world (4). Circadian rhythms, one of the
subgroups of biological rhythms, are rhythmic changes
in the sleep-wake cycle that lasts about a day (5). Circadian
rhythm is a personal characteristic that shows some
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physiological and psychological relationships and is
thought to affect various aspects of an individual’s
life. Circadian rhythm or morning-evening refers to
individuals’ preferences for morning or evening activities
(6). Each 24-hour cycle varies on an individual level. These
differences are manifested by characteristic features often
called “morning type,” “evening type” and “intermediate
type” (7). These classifications are basically used to
reveal various aspects of differences between individuals.
Morning-type people prefer early rising and morning
activities and are more energetic and awake in the
morning. Evening type people, on the other hand, prefer
to wake up later and sleep later and prefer afternoon or
evening activities. In addition, the intermediate type is
also included in the classification. The question of how
the human body will react to exercises performed at
different times of the day has been a subject of curiosity
by researchers. In studies conducted on athletes, it is
stated that athletes can perform the training they do
at any time of the day with a much better performance
at a different time, as in many changing conditions. In
addition, at a different time of the day, the level of fatigue
may be reached later or recovery may occur more quickly.
For example, it is stated that exercise performance is
higher in strength training performed in the afternoon
and evening hours compared to the morning hours. This
difference is explained as the effect of factors affecting
circadian rhythm, neuromuscular regulation, hormones,
nutrition, body temperature and even the molecular
clock of skeletal muscle (8). However, it is also known
that moderate-intensity aerobic exercises performed in
the morning provide a superior performance increase
compared to evening hours (9). For these reasons,
knowing the effect of training in different time zones
is important for athletes, especially for coaches (10).
When the studies are examined, it is stated that circadian
rhythm influences athletes’ performances, training
and competitions (11-13). In addition, circadian rhythm
preference has been found to be associated with academic
achievement, emotional and behavioral problems,
personality, social problems, attention, sleep duration
and sleep quality (14-16). Many sport-related variables
have been shown to have circadian rhythms. Edwards
et al. (17) used dart throwing as a model to investigate
the factors affecting motor performance and stated that
the effects of time of day on performance depend on
the relative importance of strength and accuracy (17).
When the studies conducted in childhood are examined,
it is seen that the morning type is more common in
childhood, but it is stated that the transition to evening
occurs during adolescence in both boys and girls due
to genetic and/or environmental factors (18). It has also

been emphasized that the intermediate type may also
be prevalent during this period and that factors such as
melatonin and heat may affect this. In a study conducted
on children it was found that the best performance for
ball skills occurred at 15:40. As a result of the study, it
was revealed that the existence and development of
daily performance profiles leads to the idea that the
mental load of the task depends on the mental load of
the task and the greater the load, the more difficult the
perceived task is (19). In addition, some studies have
revealed that being a morning person and an evening
person may also create a difference in thinking style. They
found that morning people think more analytically, while
evening people process information more holistically
(20, 21). In their study on anaerobic performance, Hill
and Chtourou (22) found that individuals identified as
both morning and evening types reached higher mean
and peak power values per body weight produced in the
evening compared to the morning. In addition, it is said
that some physiological characteristics such as heart rate
and respiratory frequency are also affected by circadian
rhythm during dart competitions and that different
times of the day are effective on this (23). Considering
that many internal and external factors are effective on
performance, determining how the athlete feels internally
is also among the effective factors. Perceived difficulty
is a valid and easily accessible method in this sense (24).
Moreover, numerous theories of motor performance
have identified perceived difficulty as an important
variable in the regulation of emotions and motivation.
Tracking athletes allows to determine how the athlete
feels physiologically-psychologically during training,
competitions, and fitness (25, 26).

In this context, the aim of this study was to investigate
the effect of different times of the day on throwing
performance in darts.

2. Objectives

The aim of this study was to investigate the effect
of different times of the day on throwing performance
in darts, an indoor skill where focus, attention and
concentration are at the forefront and environmental
factors are less effective than outdoor skills.

3. Methods

3.1. Working Protocol

The dart throwing measurements of the subjects were
performed at the Bağlıca Secondary School Gymnasium in
Artuklu district of Mardin province at 8.00 and 17.00 h: 2 m
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and 2.37 m (27-30) from two different distances at 8.00 and
17.00 h). The center of the dartboard was placed at eye level
for each subject. After each throw at two distances, the
throw distances were recorded and the dart was collected
for the next throw. They came to the hall 20 min before
the throws, were given warm-up throws and allowed to
drink water and rest. After their throws, the Perceived
Difficulty Scale was applied. Approval was obtained from
Gazi University Ethics Commission (Code No: 2023-778)
before the measurements and the measurements were
performed in accordance with the Declaration of Helsinki.

3.2. Experimental Group

In this study, 16 darts athletes (8 boys, 8 girls) with 2 -
3 years of sporting age and 12 - 14 years of age who did not
have any health problems in Mardin Province participated
voluntarily (Table 1). There are 40 licensed dart athletes in
Mardin province. Since the students live in rural areas, 16
athletes studying at the same school were included in the
research due to transportation problems. The subjects and
their families were informed before the study and parental
consent form was signed.

3.3. Height and Body Weight Measurements

Body weights were measured barefoot with a Premier
Pws scale with a precision of 0.1 kg and recorded in kg.
Height was measured using a Mesilife Pt-810a stadiometer.
Height was recorded in centimeters.

3.4. Score Calculations

The target used for scoring in dart throwing
performance consisted of a dartboard with a series of
10 concentric darts. All athletes threw with the same
darts so as not to affect the dart throws. Each dart throw
was scored according to its position on the board (0 to
10). A dart throw that missed the target or ricocheted
during the dart throws was given a score of 0. For the
evaluation of dart throwing performance, the athletes
threw 2 times at the target. The first throw was made
at 8.00 am and the second throw was made at 17.00 pm
(27, 28, 30). Participants throwing darts two different
distances in randomized order. The first was 2 m (31) and
the second was 2.37 m (29). The target used in scoring dart
throwing performance consists of a series of 10 concentric
dartboards. In order not to affect the dart throws, all
athletes throwing with the same dart arrows. Each dart
throw is scored (0 to 10) according to its position on the
board. A dart throw that missed the target or bounced was
given 0 points. To evaluate the dart throwing performance,
the athletes throw at the target twice. The first throw was
made at 8.00 in the morning and the second throw was at

17.00 in the evening (27, 28). Participants throwing from
two different distances in random order. They made 6
throw (32), the first from a normal distance of 2 m (31) and
the second from a normal distance of 2.37 m (29).

3.5. Perceived Difficulty Rating

Borg’s modified (33) CR10 Perceived Difficulty Rating
(PDR) Scale was used to determine the participants’
Perceived Difficulty Rating. The scoring of this scale ranges
from 1 to 10, with a score of 1 indicating the lowest degree
of difficulty and a score of 10 indicating the highest degree
of difficulty. With the Modified Perceived Difficulty Scale,
the difficulty level of the throw was determined with a
score after each dart throw. The question “How was the
training?” is asked by the athlete to describe the PDR of
the average training intensity during training or throwing,
and athletes are asked to give a nominal score between 0 -
10.

3.6. Daily Rhythm Identification Scale for Children

This scale was developed by Carskadon et al. (34) and
has been accepted and widely used by researchers. The
scale was adapted into Turkish by Beşoluk and Önder (35).
The scale used in the study was used to measure which
of the morningness or eveningness type characteristics
the participants had based on their self-assessment. The
questions assess individuals’ self-reported preferred time
for sleeping and waking, physical and mental activities in
a 24-hour period. The scale is multiple choice and consists
of 10 questions. The scale was administered to dart athletes
the day before their dart performance was taken. Validity
and reliability were confirmed. When scoring the scale, a
= 1, b = 2, c = 3, d = 4, e = 5 points were used to calculate
the total score. Items marked with * were reversed when
calculating the scoring.

3.7. Data Analysis

Since the data did not show normal distribution,
non-parametric tests were preferred in the analysis of the
data. In addition to descriptive statistics, Mann Whitney U
test was used to determine whether there was a significant
difference between the morning and evening throws of the
students. Simple linear correlation analysis was used to
examine the relationship between students’ morning and
evening throws and the relationship between students’
throw scores and perceived difficulty scores. Statistical
analysis of the data collected in the study was performed
using SPSS 26.0 package program. Statistical results
were evaluated at 95% confidence interval and P < 0.05
significance level.
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Table 1. Descriptive Statistics of Athletes Participating in the Research

N Mean ± SD

Girls

Age 8 12.8750 ± 0.99103

BW 8 45.7500 ± 7.70436

Height 8 155.0000 ± 6.04743

Sport age 8 2.3750 ± 0.51755

BMI 8 18.8875 ± 2.73832

Boys

Age 8 12.6250 ± 0.91613

BW 8 42.8750 ± 4.82368

Height 8 155.2500 ± 7.90569

Sport age 8 2.6250 ± 0.51755

BMI 8 17.7500 ± 0.88479

Abbreviations: BMI, body mass index; and BW, body weight.

4. Results

Looking at Table 2, the perceived difficulty level of the
athletes was evaluated 32 times, both in the morning and
in the evening. PLD of dart throws made from a distance
of 2 m in the morning is X¯ = 3.50, and PLD of dart throws
made from a distance of 2 m in the evening is X¯ = 3.06. Dart
throws thrown from a distance of 2.37 m in the morning
were found to be PLD X¯ = 4.88, and darts thrown from a
distance of 2.37 m in the evening were found to be PLD X¯ =
4.37. When evaluated in general, morning PLD is X¯ = 4.1875,
evening PLD is X¯ = 3.7188.

According to the results of the Mann Whitney U test,
which was conducted to reveal whether there was a
significant difference between the morning and evening
throwing of the students, a significant difference was
found between the students’ 2 m morning and evening
throwing (P = 0.032) and between the 2.37 m morning and
evening throwing (P = 0.029) (Table 3).

According to the simple linear correlation analysis
conducted to examine the relationship between morning
and evening throws among students, a significant
correlation was not found in the morning group. In
contrast, a positive and significant correlation was
identified in the evening group (r = 1, P = 0.01) (Table 4).

When the relationship between students’ morning
throwing scores and morning perceived difficulty scores
was analyzed, it was observed that there was a negative
and significant relationship in the morning group (r =
-0.80, P = 0.028), while there was a negative and significant
relationship in the evening group (r = -1, P = 0.01). When the
students’ evening throwing scores and evening perceived

difficulty scores were analyzed, it was observed that there
was a negative and significant relationship in the evening
group (r = -1, P = 0.01), while there was no significant
relationship in the morning group (Table 5).

5. Discussion

As a result of this study, which was conducted to
examine the effect of different times of the day on
throwing performance in darts sport, a statistically
significant difference was found between the subjects’
morning and evening throws from 2 m and 2.37 cm. In
both morning and evening groups, it was determined
that the throwing performance increased in the evening
measurements.

When the literature is examined, there are studies
showing that the time of day is effective on strength,
flexibility and simple reaction. In these studies, it is
stated that especially circadian rhythm is effective on
sensory, motor, psychomotor, perceptual and cognitive
functions (2, 36-38). In addition, studies have emphasized
that short-term maximum performance is usually best
in the afternoon towards evening (36, 37). It is stated
that target accuracy, focus and attention, which affect
performance in closed skills such as darts, are affected
by circadian rhythm (39). In addition, fluctuations in
exercise performance depending on the time of day are
supported by studies in many sports branches (37, 40-42).
In a review study, it was stated that performance increased
in the evening hours when body temperature was at its
peak in the majority of the publications reviewed (43).
Mirizio et al. (44) and colleagues reported that short-term
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Table 2. Statistics on Perceived Difficulty Levels in the Morning and Evening

N Mean ± SD

PLD 2mmorning 16 3.50 ± 0.894

PLD 2m evening 16 3.06 ± 0.854

PLD 2,37mmorning 16 4.88 ± 1.088

PLD 2,37m evening 16 4.37 ± 1.204

Morning difficulty 32 4.1875 ± 1.20315

Evening difficulty 32 3.7188 ± 1.22433

Abbreviation: PLD, perceived difficulty level.

Table 3. Morning and Evening Dart Performance Statistics of Athletes

Mean ± SD

2mDart Throw 2.37mDart Throw

Morning 8.00 39.06 ± 3.29 37.88 ± 3.61

Evening 17.00 41.88 ± 3.40 40.94 ± 3.23

P 0.032 0.029

Table 4. Morning and Evening: Pearson Correlation Test

Variables Mean ± SD

Morning

8.00 39.14 ± 2.47

17.00 41.71 ± 2.13

r 0.44

P 0.31

Evening

7.00 39 ± 5.65

17.00 42.5 ± 6.36

r 1

P 0.01

Table 5. Pearson Correlation Test Between Perceived Difficulty Level,
Morningness-Eveningness and Attitudes

Morning PLD Evening PLD

Morningness

r -0.80 -0.37

P 0.028 0.41

Eveningness

r -1 -1

P 0.01 0.01

exercise performances fluctuated consistently throughout
the day and peaked between 16.00 and 20.00 hours with
amplitudes ranging from 1.7 to 17.5%. In two other studies,

Jarraya et al. (2, 38), in their study on handball goalkeepers,
stated that different times of the day have an effect on
perceptual, cognitive and psychomotor functions, while
performance usually peaks near the evening hours. Souissi
et al. (45) examined the effects of time of day on short-term
exercise performance in 10 - 11-year-old boys and found
that performance increased significantly from morning
to afternoon (with an amplitude ranging from 3.5 to 6%),
but there was no significant difference between 14:00 and
18:00. Chtourou et al. (27) investigated the effect of
time of day on short-term maximum performances before
and after a judo match in young judo players and found
that muscle strength and power of judo players were
significantly higher in the afternoon than in the morning.
In this context, when morning and evening performances
in different branches are compared, it can be said that
athletes generally show maximum performance in the
afternoon hours. Souissi et al. (46) reported that
circadian rhythm has a significant effect on short-term
performances in cycling, jumping and strength tests in
children aged 9 - 11 years.

Darts is an individual sport and the effects of internal
and external factors on individuals may be different.
Especially in school-age children, the fact that they go
to school in two different time periods, morning and
noon, reveals the importance of being a morning and
evening person and circadian rhythm (47). While morning
people prefer to be active in the early hours of the day,
evening people prefer to be active later in the day (48).
In the study, it is thought that the morning group could
perform better if they could be trained in the morning.
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However, since the subjects were at school in the morning,
they could not train. The degree of perceived difficulty
in the evening group was found to be lower than the
morning group. Both groups (morning and evening)
showed better throwing performance in the evening and
the evening group perceived it more positively. When both
distances at which the subjects throw were evaluated, it
was determined that the subjects had more difficulty in
morning throwing than in evening throwing. In this case,
it was determined that the subjects were able to get more
efficient results in the evening than in the morning.

Delignières et al. (25) stated that the perceived
difficulty of the task is a very important variable in
the regulation of emotions and motivation in studies
on motor performance. In addition, a study showing
that sleep is also important was conducted by Axelsson
et al. (49), who reported that sleep deprivation affects
performance and directly affects motor and cognitive
performance. Edwards and Waterhouse (29) reported that
for a simple task such as throwing darts at a target, awake
time and sleep loss affect dart performance and increased
sleep duration, decreased alertness, and increased fatigue
in athletes are associated with negative effects on sports
performance. Edwards et al. (17), reported that time of day
has an effect on the factors affecting motor performance
using dart throwing performance. Edwards et al. (17),
stated that one of the main findings of their study on
the effects of time of day and distance on dart throwing
accuracy consistency was that the dart throwing task was
performed better and performance improved as the day
progressed. In addition to these studies, Bonnefond et
al. (19) show that circadian rhythm affects performance
only when the level of difficulty is high. In this case,
research shows that the duration, difficulty, cognitive
domain, application methods and measured variables of
a study can affect the time when the performance is best
completed.

Finally, in the analysis examining the
relationship between perceived degree of difficulty,
morningism-eveningism and throwing, the subjects’
evening throwing scores and evening perceived degree of
difficulty scores were examined; a negative and significant
relationship was observed in the eveningist group (r =
-1, P = 0.01). There was no significant relationship in the
morning group. Elghoul et al. (26) conducted a study on 12
healthy boys to examine the effects of time of day on dart
throwing performance and perception of task difficulty
in boys aged 9-10 years and found that dart throwing
performance was significantly better in the afternoon
than in the morning. Delignières et al. (25) stated that
goal difficulty has a positive effect on performance in
many studies in target sports in line with the results of the

study. In conclusion, factors such as time of day, subjective
target difficulty, time spent awake and distance can affect
performance.

Moreover, these circadian rhythms can be influenced
by various factors, such as regular training at a certain
time of the day, i.e. regular training in the morning
may increase morning performance and regular training
in the afternoon may increase evening performance to
the normal daily peak or higher. Adherence to training
is reported to be higher during regular training hours
compared to other hours (50).

5.1. Conclusions

Based on the results of this study, it is recommended
that a program should be made by the coaches considering
the school programs and daily routines in order to reduce
the effect of the time of day on the performance of the
athletes. It is important for coaches to know at which time
of the day their athletes are at their peak performance,
especially in sports that require high attention such as
darts. It is thought that this study will be important for
chronobiological research to reveal the factors affecting
performance as well as the effect of time of day in darts
sport.

Acknowledgments

The authors would like to express their gratitude to all
the participants who contributed to this research.

Footnotes

Authors’ Contribution: Study concept and design:
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Orhan Ö. and Kadı MN. Statistical analysis: Yüksel Y. and
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