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Background: Nowadays, the development of training programs for speed, agility and reaction time
responses in football players is increasing widely. Motor imagery is a new method that uses collateral with
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physical training. However, there is still a scarcity of evidence concerning the addition of motor imagery
protocol to routine training programs.
Objective: The main objective was to compare speed, agility and reaction time after motor imagery training
in university athletes and amateur athletes who received and did not receive motor imagery training for 2
weeks.
Methods: Participants were divided into 4 subgroups as follows: university athlete group with motor im-
agery training and control group, amateur athlete group with motor imagery training and control group. This
study collected the training e®ects of speed, agility and reaction time. The Wilcoxon signed-rank test and the
Mann–Whitney U test were selected to analyse the di®erences within and between groups, respectively.
Results: The result presented positive changes in all variables after training sessions for 2 weeks in all groups.
Speed at 20m, agility, and reaction time were found to be signi¯cantly di®erent after motor imagery training
in both university athletes and amateur athletes.
Conclusion: This ¯nding demonstrated that the addition of the motor imagery training along with routine
physical training promotes physical performance in athletes at all experience levels. In further studies, the
retention e®ect after practice should be considered.
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Introduction

Football or soccer, a team sport, is the world's
most popular ball game. Competitions are held at
international, regional and national levels, thus,
the level of competition could be the representation
of the level of player's experience. Many studies
also used the level of competition as a criterion of
professional and amateur athlete groups.1 Football
skills such as running with the ball, ¯rst touch and
striking the ball are required for ball control. These
skills need speed, agility, strength and power.
During the game, proper and e®ective decision-
making is also needed.2 Football is arranged as an
open skill sport in which players are required to
react in a dynamically changing, unpredictable and
externally paced environment. Therefore, training
programs that promote these sports skills empha-
sise motor performance together with neuromus-
cular function.3 Nowadays, the development of
training programs for speed, agility and reaction
time responses in football players is increasing
widely. Motor imagery (MI) is a new method that
uses collateral with physical training.3 This meth-
od is de¯ned as \using all the senses to re-create or
create an experience in the mind". Both motiva-
tional and cognitive functions are needed to expe-
rience speci¯c sports skills and to plan strategies in
the game.

MI training is well-established in sports, where
athletes frequently utilise it to enhance perfor-
mance during regular training or following sport-
related injuries that require immobilisation.4

Motor imagery is widely adopted in various sports
disciplines, including swimming, baseball, basket-
ball, and football. Reports indicate that MI
o®ers several advantages, including increased
self-awareness, self-con¯dence, facilitation and
maintenance of skills, arousal control, emotional
regulation, and improved preparation strategies.
Including decreased response times, improved
agility, and enhanced performance in tasks re-
quiring speed and accurate responses, such as in
volleyball, football, or team sports.4 Additionally,
MI has been shown to promote learning and per-
formance of motor skills,5 especially in open
skill sports such as football. For these sports, ex-
ternal imagery is often utilised, where players
visualise themselves from a third-person's per-
spective, rather than using internal imagery.6–8

According to Chiewchanpreechakul, the level of
a player's experience is also a factor that in°uences
MI training.9 Hence, considering the level of expe-
rience is necessary as it may a®ect the results of the
MI training program. Montuori et al. suggested
that mental and physical practices shared the same
neural circuit. Thus, both practices should be
considered in training programs for enhancing
sports performance. Improvement of sports per-
formance in swimmer athletes was shown after
engaging in physical and mental practice in their
program. However, this was a ¯nding in closed
sport skills.10 At present, there is an increasing
number of studies concerning the e®ect of MI in
athletes around the world.7,8 In Thailand, MI was
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implemented as a motor relaxation program for
football players before training sessions, and it was
found to help athletes increase their focus during
training.11

There is still a scarcity of evidence concerning
the addition of MI protocol to routine training
programs. Existing evidence about MI still needs to
explore the dimension of experience level that
a®ects MI. However, recent studies have reported
on the e®ects of MI combined with physical prac-
tice on sports performance in a variety of protocols.
Therefore, to the authors' knowledge, no study has
reported clearly regarding the impact of additional
MI on sports performance among football athletes
at di®erent experience levels. Thus, this study
aimed to investigate the e®ect of MI on sports
perforamance in speed, agility and reaction time
in university athletes and amateur athletes who
received and did not receive MI training for 2
weeks.

Methods

This is an experimental research study. Football
athletes aged 18–25 years were recruited. The
sample size was calculated using Gpower 3.1 soft-
ware, considering a medium e®ect size of 0.25 and a
power of 0.95. The total number of participants
required for the study is 47. Twelve athlete sub-
jects were needed per group, in the university
athlete group with MI training and control group,
and the amateur athlete group with MI training
and control group, according to the sample size
calculation.

All participants gave written informed consent.
The experimental protocol was approved by the
Ethics Committee for Human Research, Faculty
of Medicine, Prince of Songkla University on
January 17, 2019 (Certi¯cate No. REC 61-348-30-
2) and has been registered with the Thai
Clinical Trials Registry under the ID TCTR
20230128001. This study was carried out at the
Physical Therapy Department, Faculty of Medi-
cine, Prince of Songkla University, Songkhla,
Thailand. The study was conducted in compliance
with the Declaration of Helsinki and the local
ethics committee.

The inclusion criteria were male football players
aged between 18 and 25 years old, score of the
Movement Imagery Questionnaire-3 (MIQ-3) more
than 62.28. In this study, MIQ-3 was used to
evaluate the capacity of individual's ability to

imagine our movements. For the university athlete
group, participants had to attend inter-university
sports or higher level competition and be a member
of the university football team. In addition, in the
amateur athlete group, participants had to attend
only in-university sports events. The exclusion
criteria were visual, neurological, cardiopulmonary
or musculoskeletal impairments which a®ect MI
training and intake of medicines with neurological
e®ects 2 days before participating in the study.
Termination criteria were applied on participants
that were required to discontinue the training
program if they su®ered any injuries which ren-
dered them unable to continue the training
program.

In this study, only one researcher conducted all
tests, and there were four researchers who trained
participants in each group. All of them were blind
to the group allocation. Inter-rater reliability was
calculated before data collection, there was high
reliability (ICC > 0:8, 95% CI, p-value < 0:05)
between the tester and experienced coach in 10, 20,
40m. speed test and agility test. Reaction time test
was detected by reaction time tester produced by
an engineer and accuracy was tested by computer
program. University and amateur athletes who met
the inclusion criteria were randomised into two
groups: the control group and the MI training
group. Each participant, both university and am-
ateur athletes, was assigned to their respective
training condition using simple random sampling
(without replacement). This was done by picking a
piece of paper that indicated their training condi-
tion. Therefore, in this study, we had 4 training
groups comprising university athletes with control
and MI, and amateur athletes with control and MI.

All participants were measured for speed fol-
lowed by 10, 20, 40m speed test, agility test and
reaction time test for the baseline data. Speed was
tested by running a single maximum sprint over a
set distance with time recorded. Agility was mea-
sured using the T-Test, a running test that
involves sprinting forwards, shu®ling to the left,
shu®ling to the right, shu®ling back to the left, and
then running backward to return to the start/¯n-
ish line. The total time taken to complete the test
was recorded. Reaction time was detected by re-
action time tester through eye–foot coordination,
the best value was recorded after 2 times recording.
In the reaction time test, participants were asked
to sit on a chair with their hips, knees, and ankles
°exed at a 90-degree angle. The setup consisted of
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a light monitor presenting the stimulus and foot
switches attached to the foot pedal. Their domi-
nant foot was placed next to the foot pedal. When
a red light was presented on the monitor, partici-
pants were instructed to use their dominant foot to
push the foot pedal as fast as possible.

All groups received training according to the
speci¯c condition of the group. All of the parti-
cipants received information about the whole
process of this study prior to signing the informed
consent and the researcher started with baseline
data collection. The speed, agility, and reaction
times were measured to serve as baseline data in
all groups. After baseline data were measured,
participants received training appropriate to the
speci¯c condition of the group. Training sessions
took place in a silent room with a controlled en-
vironment which was the same for every session.
According to the PETTLEP approach to MI,
participants should be in a relaxed state
throughout the MI training for the most e®ective
results.12 Therefore, in this study, we measured
the physiological responses to ensure that parti-
cipants were in a relaxed state. Participants were
asked to sit in a comfortable position and baseline
physiological response as heart rate, skin con-
ductant, respiratory rate and blood pressure was
measured before training. The skin conductance
test was used to detect changes in the electrical
conductance of the skin. For this test, two elec-
trodes were placed on the middle and index ¯n-
gers of the dominant hand to measure sweat
gland activity, which represents the functioning
of the sympathetic nervous system. If participants
were found to be in an excited or other inappro-
priate state, they were asked to rest until their
physiological response variables returned to their
relaxtion baseline.

According to the systematic review on the ef-
fectiveness of MI on sports performance, the in-
tensity of training sessions ranged from 5 to 42
sessions over a period of 1 to 7 weeks.4 However,
the most common and e®ective number of training
sessions was 12. Additionally, for more e®ective
MI, the training sessions should be performed
continuously.13 Hence, we decided on a training
program consisting of 12 sessions consecutively.
The training session in all groups was 6 days per
week for 2 weeks. In the control group, participants
were asked to watch a video clip that consisted of
natural pictures and relaxing music for 3 and
15min, respectively. On the other hand, in the MI

group, participants were asked to watch the video
clip that consisted of football technique practice in
speed and agility training for 3 min and they were
asked to imagine that they were playing in the
practice using these techniques for 15min. The
video clip of football techniques was ¯lmed under
the control of the Trang provincial football team
coach and team athletes demonstrated the techni-
ques. The speed, agility, and reaction times of all
participants were measured at the end of the sec-
ond week of training.

Before measuring the speed, agility, and reac-
tion times, the researcher demonstrated the pro-
cedure of the test to the participants and allowed
them to practice 3 times. All groups received a
logbook to record their physical training for 2
weeks during the study. The number of practice
repetitions was left up to the participant, and the
participants recorded the number of practice runs
themselves.

For the statistical analysis, normal distribution
was tested using the Shapiro–Wilk test. The
baseline characteristics data and time variables
(speed, agility and reaction times) were analysed
via the Mann–Whitney U test. Moreover, the
Mann–Whitney U test and the Wilcoxon Signed
Ranks test were selected to analyse the di®erences
between and within groups, respectively. Statisti-
cal signi¯cance was set at a p-value of < 0:05.

Results

The aim of this study was to investigate the e®ect
of MI on sports performance, speci¯cally speed,
agility, and reaction time, in football players, both
university players, and amateur players. The
training program was conducted 6 days a week for
2 consecutive weeks. A total of 55 participants who
met the inclusion criteria were recruited for the
study and provided signed consent forms. Howev-
er, only 48 participants completed both the prac-
ticing and testing phases. The remaining 7
participants were excluded from the study; three
due to ankle or knee injuries sustained during
routine practice, and four due to their failure to
complete the training sessions.

All participants were males, aged between 18
and 22 years old, and engaged in physical practice
routines of 2–5 days per week for university players
and 2–5 days per month for amateur players. In the
university players, the intensity of physical prac-
tice was relatively in line with the routine training
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program planned by their coach. In contrast, the
physical practice routine for amateur players
was dependent on their comfortable timetable.
During the training sessions, the physiological
responses of participants were monitored. All par-
ticipants demonstrated a state of relaxation, as
evidenced by stable heart rate, skin conductance,
respiratory rate, and blood pressure, with no
reported discomfort or harmful situations during
training.

As presented in Table 1, the baseline data
(median and quartiles 1 and 3) did not show any
signi¯cant di®erences between the training groups
with a p-value < 0:05. Comparisons were made
within the university and amateur players' groups
and between the training conditions within each
group. The training results, including speed, agili-
ty, and reaction time, are presented in Table 2,
which displays the comparison of these variables
within and between the training groups.

Table 1. Baseline characteristics.

University football team athletes (n ¼ 24) Amateur athletes (n ¼ 24)

Variables Motor imagery gr. (n ¼ 12) Control gr. (n ¼ 12) Motor imagery gr. (n ¼ 12) Control gr. (n ¼ 12)

BMIa (kg/m2) 20.85 (19.05, 22.85) 22.3 (20.13, 23.68) 23.6 (21.4, 26.68) 22.7 (20.55, 24.95)

p-value 0.371 0.488
Speed 10ma (s.) 2.03 (1.76, 2.2) 1.91 (1.8, 2.15) 2 (1.94, 2.18) 2.09 (1.92, 2.22)
p-value 0.623 0.665
Speed 20ma (s.) 3.52 (3.31, 3.68) 3.34 (3.24, 3.47) 3.85 (3.41, 3.94) 3.59 (3.24, 4.02)
p-value 0.193 0.488
Speed 40ma (s.) 6.02 (5.63, 6.19) 5.77 (5.56, 5.96) 6.47 (5.87, 6.63) 6.13 (5.76, 6.47)
p-value 0.193 0.355
T-testa (s.) 12.28 (11.56, 13.25) 12.35 (11.86, 12.84) 13.14 (12.78, 14.33) 12.64 (11.44, 13.82)
p-value 0.773 0.299
Reaction timea (ms.) 333 (282.5, 376) 348.5 (298.25, 400.5) 329.5 (304.75, 377.5) 323 (312.25, 412.75)
p-value 0.452 0.564

Notes: a ¼ median (Q1, Q3). analysed via the Mann-Whitney U test, *p-value < 0:05.

Table 2. Comparison of speed (10, 20, 40), agility and reaction time within and between subgroups.

University football team athletes (n ¼ 24) Amateur athletes (n ¼ 24)

Motor imagery gr. (n ¼ 12) Control gr. (n ¼ 12) Motor imagery gr. (n ¼ 12) Control gr. (n ¼ 12)

Variables Pre Post Pre Post p-valueb Pre Post Pre Post p-valuec

Speed 10ma (s.) 2.03

(1.76, 2.2)

1.94

(1.72, 2.02)

1.91

(1.8, 2.15)

1.98

(1.85, 2.11)

0.203 2

(1.94, 2.18)

2.06

(1.84, 2.16)

2.09

(1.92, 2.22)

2.2

(1.96, 2.45)

0.106

p-valued 0.48 0.844 0.48 0.114

Speed 20ma (s.) 3.52

(3.31, 3.68)

3.19

(3.06, 3.22)

3.34

(3.24, 3.47)

3.2

(3, 3.29)

0.954 3.85

(3.41, 3.94)

3.3

(3.09, 3.34)

3.59

(3.24, 4.02)

3.37

(3.23, 3.81)

0.248

p-valued 0.012* 0.012* 0.003*** 0.062

Speed 40ma (s.) 6.02

(5.63, 6.19)

5.82

(5.58, 6.06)

5.77

(5.56, 5.96)

5.64

(5.55, 6.01)

0.470 6.47

(5.87, 6.63)

6.03

(5.87, 6.34)

6.13

(5.76, 6.47)

6.41

(6.02, 6.72)

0.126

p-valued 0.410 0.965 0.326 0.055

T-testa (s.) 12.28

(11.56, 13.25)

11.24

(10.94, 11.95)

12.35

(11.86, 12.84)

11.52

(11.03, 12.73)

0.26 13.14

(12.78, 14.33)

12

(11.57, 12.83)

12.64

(11.44, 13.82)

12.18

(11.23, 13.41)

0.729

p-valued 0.006** 0.209 0.003*** 0.308

Reaction timea (ms.) 333

(282.5, 376)

286

(265, 345.5)

348.5

(298.25, 400.5)

326

(267.5, 351.5)

0.643 329.5

(304.75, 377.5)

299.5

(264, 335)

323

(312.25, 412.75)

294.5

(268.5, 355.5)

0.644

p-valued 0.041* 0.158 0.041* 0.065

Notes: Pre ¼ Pretraining, Post ¼ Post-training, a ¼ median (Q1, Q3), b ¼ p-value between post-training of University football team athletes analysed via the

Mann-Whitney U test, c ¼ p-value between post-training of Amateur athletes analysed via the Mann-Whitney U test, d ¼ p-value within subgroup analysed via the

Wilcoxon Signed Ranks Test, *p-value < 0.05, **p-value < 0.01, ***p-value < 0.005.
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In the university groups, the improvement be-
tween the MI and control groups did not reach a
signi¯cant level of di®erence. However, when
comparisons were made between pre- and post-
training measurements, signi¯cant di®erences were
detected in the MI training group for speed at
20m, agility, and reaction time. In the control
condition of the university group, only speed at
20m showed a signi¯cant improvement after 2
weeks of training.

For the amateur groups, no signi¯cant di®erence
was detected between the MI and control training
groups at the end of week 2, similar to the uni-
versity group. However, the improvement after
training was demonstrated in the MI training

group for speed at 20m, agility, and reaction time.
The control group of the amateur players showed
no enhancement in physical performance after
training in all measurements.

Conclusion

In this study, we found that, in all MI groups,
sports performance improved signi¯cantly more
than in the control group. This ¯nding demon-
strates that MI can enhance sports performance at
both levels of experience. Physiological responses
during the training of all participants indicated
that they were in a relaxed state. Increasing the
work of the parasympathetic nervous system will
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provide an in°uence to enhance the performance of
MI.14,15 Therefore, this may have ensured that
during the training sessions, all of our participants
were engaged with their training protocol.

Time of speed at 20m was decreased signi¯-
cantly in MI groups at both levels of experience,
university football team athletes and amateur
athletes, at p-values 0.012 and 0.003, respectively,
and also in the control group of university football
team athletes at p-value of 0.012. However, speed
at 10 and 40m presented no signi¯cant di®erence
after training in all groups. Little et al. suggested
that the performance of speed tests at di®erent
distances also requires common physiological and
biomechanical factors in football players.16 Im-
provement after training found only at 20m could
derive from speci¯c qualities of acceleration and
maximum speed required during the game at ap-
proximate average distance, 17m, which is close to
the 20m tested. So, players may apply the MI
method to their performance requirement more
e®ectively than at other distances. Additionally,
for routine training of the university football team,
athletes were to be fast at 20m.

In this study, T-test time represented agility
performance and reaction time and was signi¯-
cantly di®erent after receiving MI training at
p-values 0.006 and 0.003 in university football
team athletes and amateur athletes, respectively.
However, there were no di®erences detected in
control groups in both university and amateur
teams. Fekih et al. found that male tennis players
who received MI-based training program presented
signi¯cantly reduced agility, speed, and reaction
time performance compared with the control
group.17 McNeil et al. studied reactive agility per-
formance, which is the athlete's perceptual and
response time performance, in female athletes who
engaged in imagery training. They found that im-
agery training improved Stimulus-Decision Time
and Stimulus-Foot performance compared with the
control condition. On the other hand, physical
training only showed improvement in decision time
components and overall reactive agility perfor-
mance.18 This is similar to our ¯nding that MI
training promotes the improvement of agility and
reaction response in athletes at di®erent levels of
experience.

Motor imagery in sport perspective is the main
section of mental training.19 This stimulates sen-
sations and other types of experiences that con-
tribute to improving motor performance.20 During

MI performance, participants need to visualise
target action and kinesthetic imagery, including
the force and e®ort perceived during movement.
Their attention during MI performance may
contribute to the connection between their ex-
teroceptive e®ects and movements.20 So, skill ac-
quisition, motivation and performance were seen to
be improved.19 In this study, we detected the
physiological response during the training of all
participants to assure that they were in a state of
relaxation and engaged with motor imagination.

The physical improvements that can be detec-
ted after MI practice could be explained by the
activity in the brain. Previous studies that assessed
brain activity reported increased cerebral blood
°ow in non-primary motor regions of the cerebral
cortex during imagery, without evidence of acti-
vating the primary motor cortex. These ¯ndings
support the idea that MI can activate brain ac-
tivity associated with movement. Additionally, one
of the pathways of MI involves learning through
closed conditions of practice where movement
patterns are predictable. Studies have reported
that nerve signalling in the brain, especially in the
frontal lobe, is stimulated during MI performance,
as detected via brain imaging.13,21 Therefore,
movement performance can be enhanced through
this pathway of signalling, even without motor
execution.13 During MI performance, optimal syn-
aptic linkages are stimulated, and this area is re-
sponsible for agility ability during movement.21

Thus, this study's ¯ndings are consistent with the
improved agility ability seen in both groups after
receiving MI training. Furthermore, frequent
practice helps speed up and organise signal trans-
mission through the corticospinal tract to the tar-
get limbs.13 As a result, the improvements
observed in this study may be attributed to the
training program arranged 6 days a week
consecutively.

According to Schmid's Schema Theory, during
physical practice, both planning and modifying
movement performance are required. The cognitive
stage, the ¯rst stage of motor learning, consists of
MI process. Leaners must work to understand and
pay attention to the movement's aim of how they
have to move.22 Therefore, MI has a®ected the
planning process before real movement occurs.
This method encourages and/or creates a mental
plan during physical practice, so it helps in the
storage and retention of that movement and also
accelerates the learning process.23
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Speed, agility and reaction response are also
required in the performance of an individual in
pushing forward or moving the whole or a part of
body in the space in the shortest possible time.23

Thus, the shorter planning time in°uences the
shorter time of performing the movement. Speed
and agility test method that we used in this study
also ¯xed the procedure of testing. So, signi¯cant
improvement of speed and agility detected in ath-
letes at both levels of experiences who received MI
training may result from this linkage. Reaction
time consists of premotor time and motor time.
According to the process of MI, premotor time
must be improved after training, so the time of
reaction response in this study was found to de-
crease after training. Speed and agility consist of
the process of reaction response.23 Thus, the time
of speed, agility and reaction decreased signi¯-
cantly after MI training. This study showed that
even at di®erent levels of experience, MI can en-
hance the sports performance of football players in
aspects of speed, agility and reaction response
which is one of the manifested factors for athletes
to win competitions. Motor imagery is valuable for
training and rehabilitation to facilitate their per-
formance. In sport skill training methods, MI is
used as a supplementary method for learning sport
skills without physical movement or together with
them. This technique involves lower costs and no
harmful side e®ects. However, MI enhances sports
performance, but not su±ciently to replace physi-
cal practice. According to Gentili et al. after
physical practice, motor performance was higher
than after mental practice.24 The shortness of the
planning process time is important but physical
performance of movement is also important. Both
physical and mental performances are required for
sport skills. Moreover, a combination of mental
and physical practice has the highest impact on
learning and mental practice has a higher e®ect
than only physical practice.23

In this study, after 2 weeks of training, with the
time of speed at 20m, agility and reaction time test
decreased signi¯cantly in university athlete groups
and amateur athletes who received MI training
compared to the control group. This ¯nding
demonstrates that MI can enhance sports perfor-
mances at both levels of experience. MI should be
integral to routine training and even form part of
the rehabilitation process. This study investigated
only the training e®ects of MI in terms of speed,
agility and reaction time, so the retention e®ect

after practice remains unknown. In further studies,
the retention e®ect after practice should be
considered.
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