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Moderating Effects of Gender and Types
of Sport on the Relationships Between
Coaching Leadership, Athletes’
Psychological Needs, and Motivation
Among University Athletes in Malaysia

Kang Mea Kee and Anis Syaimaa Husna Ismail

Abstract The purpose of this studywas to examine themoderation effects of gender
on the relationships between the athletes’ perception of coach’s leadership (CL) and
athletes’ basic psychological needs (BPN) and themoderation effect of types of sports
in relation to their sport motivation (AM) level among university athletes. A total
of 350 university athletes, consisting of 199 males and 151 females from 9 contact
sports and 14 noncontact sports participated in this study. The measurement model
was first tested for internal reliability, construct reliability, convergent validity, and
discriminant validity for all constructs. The results of structural model showed that
athletes’ perception of coaches’ leadership was significantly related with athletes’
basic psychological needs, and subsequently, athletes’ basic psychological needs
were significantly related with athletes’ motivation. PLS-MGA results indicated that
there was a significant moderation effect of gender on relationship between athletes’
perception of coach leadership and athletes’ psychological needs. Similarly, the types
of sports significantly moderated the relationship between athletes’ psychological
needs and athletes’ motivation. As a conclusion, coaches’ leadership style has an
influenceon thepsychological needs satisfactionof the athletes, and this subsequently
affects athletes’ motivation. However, these relationships were being moderated by
gender and types of sports, respectively. Hence, coaches must take into consideration
the gender factor and the types of sports when training the athletes.

Keywords Coaches’ leadership · Athletes’ basic psychological needs · Athletes’
motivation · Gender · Types of sports
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1 Introduction

Athletes have the desire to be the best and successful in their sports. In order to be
successful, they often have to go through great sacrifices such as time with family,
friends, and even personal time. Yet these personal sacrifices are not the only factors
that determine athletes’ success. Some studies said that social environment such as
coach leadership has a significant impact on athletes’ success [1, 2]. Effective coach-
ing leadership emphasizes on creating a motivational environment that encourages
athletes or teams to perform toward their full potential [3]. Coaching leadership has
been characterized into five dimensions, namely, training and instruction, democratic
behavior, autocratic behavior, social support, and positive feedback [4].

The success of athletes is also influenced by their basic psychological needs.
Human psychological needs is a behavior deriving from the individuals’ true self
which results in higher levels of behavioral self-determination when being satisfied
[5]. Deci and Vansteenkiste [6] stated that athletes have a greater sport motivation
when all the three psychological needs (need of competence, autonomy, and relat-
edness) are being satisfied. Effective coaches often create opportunities that help to
fulfill athletes’ psychological needs and lead them tohave agreater self-determination
toward positive motivational outcomes such as persistent participation. In addition,
the relationship between coaching leadership and motivation is said to being medi-
ated by these three innate psychological human needs. Past studies have shown that
motivated athletes exhibit positive relationships with the fulfillment of the need of
autonomy, competence, and relatedness [7]. Previous studies have also indicated that
these psychological needs are unique between genders, and hence, coaching leader-
ship style might vary for males and females in order to satisfy different psychological
needs in sport [8]. In addition, the types of sports might also influence athletes’ psy-
chological needs. For example, contact sports may require different mind-set (e.g.,
more aggressive) as the level of aggression is being projected as part of the charac-
teristics of the contact sport itself. Extrinsically motivated athletes will participate
in sport to satisfy external reward such as cash prize. However, the most important
reason for athletes being successful in sport is when they are intrinsically motivated
(participate in sport for enjoyment and interest), in which athletes are said to show
greater endurance, more effort during practices and game, less boredom and showed
a higher level of excitement [9].

Most of the studies on coaching leadership have been conducted in advanced
or developed countries such as Northern America and Europe. However, it is not
clear whether coaches in Malaysia which have very different cultural values will
exhibit similar patterns of leadership in sports. In addition, it appears that coaching
leadership in sports in Malaysia has not been fully explored. No study has yet been
sighted locally that examine the relationship of coaching leadership and psycholog-
ical needs on athletes’ motivation in sport as proposed by Hollembeak and Amorose
[10]. Hence, in response to the current issues, the purpose of this study was to exam-
ine the relationship between the athletes’ perception of coaches’ leadership (CL) and
athletes’ psychological needs (BPN) on the athletes’ motivation (AM). Specifically,
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Fig. 1 Conceptual framework of the study

this study also examined if gender and types of sport have the said moderating role
in current model involving the three constructs, namely, relationship of coaching
leadership and psychological needs and the relationship between athletes’ basic psy-
chological needs on athletes’ motivation in sport among the Malaysian university
athletes.

2 Method

This study employed the correlational research design that utilized the questionnaires
technique to collect data. A total of 350 participants comprised of males (n �199)
and females (n �151) university athletes, age ranged between 19 and 30 years old,
from 9 contact sports, and 14 noncontact sports participated in this study. This study
employed the athlete’s perception version of Leadership Scale for Sports (LSS, 40
items) questionnaire by Chelladurai and Saleh [4] and participants answered using
a 5-point Likert scale. As for Basic Psychological Needs Satisfaction in Sport ques-
tionnaire (BPNSS, 20 items) by Ng et al. [11], and Revised Sport Motivation Scale
(SMS-II, 18 items) questionnaire by Pelletier et al. [12], the participants answered
using a 7-point Likert scale. Descriptive data analysis and Partial Least Square Struc-
tural Equation Modeling (PLS-SEM) were used to analyze the data.

Figure 1 shows the conceptual framework of the study involving the three con-
structs, namely, athletes’ perception of coach leadership, athletes’ basic psycholog-
ical needs, and athletes’ motivation. The moderation effect of gender and types of
sports were examined in the model.

3 Results and Discussion

As shown in Table 1, the highest mean for the overall athletes’ perception of coach’s
leadership was positive feedback (M �4.44, SD�0.44), followed by training and
instruction (M �4.15, SD�0.46), social support (M �4.05, SD�0.33), and demo-
cratic behavior (M �3.84, SD�0.66). The mean for training and instruction and
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Table 1 Means and standard deviations for leadership in sport, athlete basic psychological needs,
and athlete motivation of university athletes for gender and types of sports

Variables Male
(n=199)

Female (n
�151)

Contact
sports
(n=180)

Noncontact
sports
(n=170)

Overall (N=350)

M SD M SD M SD M SD Min Max M SD

CL_TI 4.12 0.47 4.19 0.45 4.16 0.43 4.14 0.50 3.00 5.00 4.15 0.46

CL_PF 4.42 0.46 4.46 0.42 4.46 0.42 4.42 0.46 3.20 5.00 4.44 0.44

CL_DB 3.80 0.66 3.90 0.65 3.87 0.55 3.80 0.75 2.00 5.00 3.84 0.66

CL_SS 4.03 0.33 4.08 0.31 4.07 0.30 4.03 0.35 3.25 4.38 4.05 0.33

TOTAL CL 4.06 0.41 4.13 0.39 4.11 0.35 4.07 0.45 2.83 4.63 4.09 0.40

BPN_COM 5.95 0.55 5.91 0.46 5.95 0.46 5.91 0.56 4.80 7.00 5.93 0.51

BPN_AUTO 4.62 0.73 4.73 0.69 4.71 0.64 4.62 0.79 3.10 6.40 4.67 0.71

BPN_RLTD 6.43 0.54 6.39 0.51 6.45 0.50 6.37 0.55 5.00 7.00 6.41 0.53

TOTAL BPN 5.40 0.56 5.44 0.53 5.46 0.48 5.38 0.61 4.00 6.70 5.42 0.55

AM_INT 6.09 0.77 6.06 0.72 6.09 0.78 6.07 0.72 4.67 7.00 6.08 0.75

AM_INTG 5.66 0.78 5.45 0.69 5.61 0.76 5.53 0.74 4.00 7.00 5.57 0.75

AM_IDTF 5.89 0.73 5.78 0.70 5.86 0.74 5.83 0.70 4.33 7.00 5.84 0.72

AM_INTJ 5.69 0.94 5.60 0.88 5.72 0.84 5.57 0.99 3.67 7.00 5.65 0.92

AM_EXT 5.32 1.04 5.28 0.97 5.33 0.97 5.28 1.04 3.67 7.00 5.31 1.01

TOTAL AM 5.73 0.74 5.64 0.68 5.72 0.72 5.65 0.70 4.20 7.00 5.69 0.71

Note CL_TI Training and Instruction, CL_DB Democratic Behavior, CL_AB Autocratic Behav-
ior, CL_SS Social Support, CL_PF Positive Feedback, BPN_COM Need of Competence,
BPN_AUTO Need of Autonomy, BPN_RLTD Need of Relatedness, AM_INT Intrinsic Motivation,
AM_INTG Integrated Motivation, AM_IDTF Identified Motivation, AM_INTJ Introjected Motiva-
tion, AM_EXT Extrinsic Motivation, and AM_AMOT A-motivation

positive feedback were slightly higher for males compared to females. As for demo-
cratic behavior and social support, themeanwas slightly higher for females compared
to males. The mean for all variables under athletes’ perception of coach’s leadership
was a little higher for athletes in contact sports compared to athletes in noncontact
sports.

In terms of athlete’s psychological needs subscales, the overall mean for needs of
relatedness (M �6.41, SD�0.53) was the highest, followed by the needs of compe-
tence (M �5.93, SD�0.51) and the needs of autonomy (M �4.67, SD�0.71). The
mean for the needs of competence and needs of relatedness were slightly higher in
males compared to females, while the mean for the needs of autonomy was slightly
higher in females compared to males. The mean for all three psychological needs
was slightly higher for athletes in contact sports compared to athletes in noncontact
sports.

As for motivation, the highest mean for overall athletes’ motivation was intrinsic
motivation (M �6.08, SD�0.75), followed by identified motivation (M �5.58,
SD�0.72), introjected motivation (M �5.65, SD�0.92), integrated motivation
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(M �5.57, SD�0.75), and extrinsic motivation (M �5.31, SD�1.01). The mean
for all types of motivation was slightly higher in males compared to females. The
mean for all types of motivation was slightly higher for athletes in contact sports
compared to athletes in noncontact sports.

3.1 Model Testing

Table 2 summarizes the results for Reflective Measurement Model for the all latent
constructs. The results show that all the constructs have strong composite reliability
indicating a high level of internal consistency of this study.

The average variance extracted (AVE) for all the constructs were also well above
the requiredminimum level of 0.50 [13] indicating a high level of convergent validity.
Lastly, Fornell–Larcker criterion provides evidence for the constructs discriminant
validity for reflective constructs. Hence, the results of measurement model show that
all model evaluation criteria have been met, providing support for the measures’
reliability and validity of the model.

Table 2 Result summary for reflective measurement model

Latent variables Indicators Loadings
(>0.70)

Indicator
reliability
(>0.5)

CR
(0.6–0.7)

AVE
(>0.5)

Discriminant
validity

Athletes’ perception of
coach’s leadership (CL)

CL_TI 0.787 0.619 0.891 0.673 Yes

CL_DB 0.892 0.796

CL_SS 0.833 0.693

CL_PF 0.763 0.582

Athlete basic’s
psychological needs
(BPN)

BPN_COM 0.848 0.719 0.904 0.758 Yes

BPN_AUTO 0.836 0.697

BPN_RLTD 0.926 0.856

Athletes’ motivation
(AM)

AM_INT 0.800 0.666 0.935 0.741 Yes

AM_INTG 0.828 0.682

AM_IDTF 0.926 0.874

AM_INTJ 0.833 0.651

AM_EXT 0.911 0.828

Note CL_TI Training and Instruction, CL_DB Democratic Behavior, CL_AB Autocratic Behavior, CL_SS
Social Support, CL_PF Positive Feedback, BPN_COM Need of Competence, BPN_AUTO Need of Autonomy,
BPN_RLTD Need of Relatedness, AM_INT Intrinsic Motivation, AM_INTG Integrated Motivation, AM_IDTF
Identified Motivation, AM_INTJ Introjected Motivation, AM_EXT Extrinsic Motivation, and AM_AMOT A-
motivation
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3.2 Path Coefficient

As shown inTable 3, the path coefficient result for (1) athletes’ perception of coaches’
leadership and athletes’ psychological needs (βs�0.806, p <0.001); and for (2)
athletes’ psychological needs and athletes’ motivation (βs�0.857, p <0.001) were
significant. The result indicates that athletes’ perception of coaches’ leadership has a
statistically significant strong positive relationship with athletes’ basic psychological
needs. This indicates that athletes in this study perceived their coaches’ leadership
highly. Similarly, the athletes’ psychological needs showed a statistically significant
strong positive relationship with athletes’ motivation. This indicates they are highly
motivated in practicing their sports. This finding suggests that when athletes’ basic
psychological needs are being largely fulfilled, they are also highly motivated in
practicing their sports.

3.3 Multigroup Analysis

Table 4 shows path coefficient results of multigroup analysis and the results show
there was significant moderation effect of gender for the relationship between ath-
letes’ perception of coach’s leadership and athletes’ psychological needs (βs diff�
0.107, p <0.013).

The path coefficient for relationship between coach’s leadership style and basic
psychological needs is significantly higher for male athletes compared to female ath-
letes. Male athletes might prefer coaches who emphasize more autocratic behavior

Table 3 Results of path coefficients and t-statistics

Hypothesis Pathway Path
coefficients
(βs)

t values Sig. p values Decision

H1 CL→BPN 0.806 33.455 *** 0.001 H1
Accepted

H2 BPN→AM 0.857 74.706 *** 0.001 H2
Accepted

***Significant at the p<0.001 level

Table 4 Multigroup PLS analysis comparison test results for path coefficient (gender)

Path Group 1: Male (n �199) Group 2: Female (n �151) Group 1 versus Group 2

p1 se(p(1)) p2 se(p(2)) |p(1) − p(2)| p

CL→BPN 0.853 0.024 0.747 0.045 0.107 0.013**

Note p(1) and p(2) are path coefficients of group 1 and group 2; se(p(1)) and se(p(2)) are the standard error of
p(1) and p(2), respectively
**p<0.05 level
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Table 5 Multigroup PLS analysis comparison test results for path coefficient (types of sports)

Path Group 1: Contact sport (n
�180)

Group 2: Noncontact sport
(n �170)

Group 1 versus Group 2

p1 se(p(1)) p2 se(p(2)) |p(1) − p(2)| p

BPN→AM 0.893 0.012 0.846 0.018 0.047 0.010**

Note p(1) and p(2) are path coefficients of group 1 and group 2; se(p(1)) and se(p(2)) are the standard error of
p(1) and p(2), respectively
**p<0.05 level

in order to satisfy their psychological needs for competence, autonomy, and related-
ness. This makes sense considering that to be successful and to get the most out of
each athlete, coaches need to push athletes out of their comfort zone. This finding
is consistent with Beam, Serwatka, and Wilson [14] that indicates that male athletes
preferred more autocratic coaching behaviors because successful athletes and teams
associated with coaches who are more authoritarian have highest win-loss records.

Table 5 shows PLS-MGA analysis for athletes in contact sports and noncontact
sports and the result indicates that types of sports significantly moderate the rela-
tionship between athletes’ psychological needs and athletes’ motivation (βs diff�
0.047, p <0.010).

The path coefficient for relationship between athletes’ psychological needs and
athletes’ motivation was significantly higher in athletes in contact sports compared to
athletes in noncontact sports. Athletes in team sports are said to be highly motivated
when their psychological need for relatedness is been satisfied [2]. Apparently, most
athletes in the contact sports in this study were mostly from team sports. Hence,
contact sport athletes tend to be exposed to teamwork dynamic that encourages
their feeling of belongingness and related with each teammate. On the other hand,
most noncontact sports in this study tend to be individual sports. Since they play
as individuals, they tend to be more responsible for their own behaviors such as
determine their training schedule and choosing which competitions they want to
participate in. Therefore, the psychological needs of relatedness are less significant
in their sports endeavors.

4 Conclusion

In conclusion, gender has a significant moderating effect on the relationship between
athletes’ perception of coach leadership and athletes’ basic psychological needswhile
the type of sports has a significant moderating effect on the relationship between ath-
letes’ basic psychological needs and sport motivation. This result revealed that the
psychological needs in sports of athletes can be impacted through different types
of leadership styles and that gender plays a role in the fulfillment of athletes’ basic
psychological needs by their coaches’ leadership styles. Thus, coaches need to take
gender into consideration when implementing leadership styles so that the psycho-
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logical needs of athletes are beenmet by the different leadership styles of the coaches.
Similarly, this study has shown that the type of sports does influence the relation-
ship between the athletes’ basic psychological needs and athletes’ motivation. This
finding shows that the different types of sports provide different avenues for ath-
letes to fulfill their basic psychological needs, and hence, they are more motivated
in their sports. Therefore, in their effort to motivate their athletes, coaches must take
into consideration the different elements that can be offered by the different type
of sports in fulfilling the athletes’ psychological needs and consequently help to
increase athletes’ motivation in sports.

It is recommended future study should take into consideration the coaches’ com-
petency and level of experience in order to better understand the relationship the
between constructs of interest.
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Relationship Between Agility and Power
to Single-Sprint Performance
and Repeated-Sprint Ability

Suhana Aiman, Sarina Md. Yusof, Zulkifli Abd Kadir
and Ahmad Fuad Mohamad Nor

Abstract The objective of this study is to determine the relationship between agility
and power to single-sprint performance and repeated-sprint ability. Thirty soccer
players, aged between 19 and 25, participated in this study. Four testswere conducted:
T-test, vertical jump test, 30m sprint test and Bangsbo sprint test. The finding showed
that there is a significant correlation between agility and single-sprint performance
(r � .46, p < .05). A significant correlation also exists between agility and repeated-
sprint ability (r � .72, p < .05). This study also found that there is a correlation
between power and single-sprint performance (r �−.70, p< .05), and between power
and repeated-sprint ability (r �−.56, p< .05). In conclusion, higher agility and power
will result in better single-sprint performance and repeated-sprint ability.

Keywords Agility · Power · Single sprint · Repeated-sprint ability

1 Introduction

Success in soccer requires high-level in technical, tactical and physical skills. The
rate ofwork of a football player ranges from low-level activities likewalking, jogging
to those of high-intensity such as sprinting [1]. Many instances in soccer demand
rapid changes of direction [2]. In most team sports, directional changes are often
initiated in response to some external stimuli such as movement of an opponent or
ball [3]. Soccer requires high endurance, speed, agility and power at the elite level
[1]. The external power is a determinant for acceleration and the maximal running
velocity during sprinting [4].

In soccer, actions take place in a stochastic way; variations of intensity and direc-
tions are frequent and soccer players are required to perform these actions repeatedly
and in different directions [5]. Players are often required to repeatedly produce max-
imal or near maximal sprints of short duration (1–7 s) with brief recovery periods.
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Therefore, the ability to repeat multiple sprints at high speed is important for soc-
cer physical performance [6]. The aim of this study is to determine the relationship
between agility and power to single-sprint performance and repeated-sprint ability
among soccer players.

2 Method

2.1 Participants

A total of 30 male soccer players participated in this study. All participants are stu-
dents of Universiti Teknologi MARAwhowere involved in the Inter-faculty Compe-
tition. Their age ranged between 19 and 25 years old. Injured players were excluded
from the study.

2.2 Testing

The T-test was used to measure agility. Power was tested using vertical jump test.
Single-sprint performance was assessed using 30 m sprint test. Repeated-sprint abil-
ity was evaluated using Bangsbo sprint test. Tests were conducted in 2 days. The
players performed vertical jump test and T-test on the first day. On the following day,
they performed 30 m sprint test and Bangsbo sprint test.

2.3 Statistical Analysis

The correlation between variables was determined by Pearson product-moment of
correlation coefficient (r). The significant level for this study was set at p < .05. All
analyses were performed using SPSS version 20.0.

3 Results and Discussion

3.1 Results

Table 1 shows the physical characteristics of the soccer players. The agility, power,
single-sprint and repeated-sprint measurements of the soccer players in this study
are displayed in Table 2.
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Table 1 Physical
characteristics of the soccer
players

Variable Mean±SD

Age (years) 22.60±0.86

Height (m) 1.70±0.03

Body mass (kg) 66.75±5.33

BMI (kg/m2) 23.20±1.73

Table 2 Test results for the
soccer players

Variable Mean±SD

Agility (s) 10.98±0.69

Power (cm) 45.13±3.41

Single sprint (s) 4.52±0.21

Repeated-sprint ability (s) 56.51±2.61

Table 3 Correlation between
agility, power, single-sprint
performance and
repeated-sprint ability

Variable Agility Power

Single sprint .46* −.70*

Repeated-sprint
ability

.72* −.56*

*p < .05

The correlation between variables is shown in Table 3. There was a moder-
ate correlation between agility and single-sprint performance (r � .46, p < .05). A
significant high correlation was found between agility and repeated-sprint ability
(r � .72, p < .05). The power was highly correlated with single-sprint performance
(r �−.70, p < .05) and repeated-sprint agility (r �−.56, p < .05).

3.2 Discussion

Finding from this study showed that there was a correlation between agility and
single-sprint performance. This may due to the T-test protocol. The T-test involves
a combination of leg speed, leg power and agility [7]. Of these three physical char-
acteristics, leg speed had the highest partial correlation with the T-test [7]. It seems
reasonable to assume that how fast an individual can sprint, shuffle or back-pedal
would be determined primarily by leg speed [7].

The results also indicate that agility correlated with repeated-sprint ability. The
capacity to perform short changes of direction has an important role in repeated-
sprint ability [5, 8]. The Bangsbo sprint test was designed to involve sprinting in
straight line and changing direction to mimic actual game condition.

In this study, a correlation was found between power and single-sprint perfor-
mance. Powerful leg muscle is required to produce good sprinting [9, 10]. Muscle
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power is needed for acceleration and maintaining a maximal velocity in sprint per-
formance [4]. The higher force production during sprinting is related to high power
of lower body [11]. An increased in maximal power brings about in improved sprint
ability [12]. Thus, an explosive power movement was found to be significant among
the fastest players [13].

The current study also found that power correlated with repeated-sprint ability.
The lower limbs power contributes to repeated-sprint ability [5]. This contribution is
influenced by the great involvement of power inmovements of deceleration, followed
by change of direction and re-acceleration [5].

4 Conclusion

From the overall data analysis and research findings, it can be concluded that agility
and power have significant relationship with single-sprint performance and repeated-
sprint ability. Soccer players who have better agility and power would have better
single-sprint performance and repeated-sprint ability.
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Squash Backhand Stroke Analyses
for Three Different Playing Levels
in Malaysia

Diyana Zulaika Abdul Ghani, Zainal Abidin Zainuddin and Halijah Ibrahim

Abstract Our aimwas to analyze backhand strokes performed among three different
levels of playing in squash (professional elite, intermediate, and beginners). Thirty-
five matches from three different tournaments, performed by 15 players divided
equally for each group, were analyzed via hand notational analysis. Results indi-
cated that the professional elite had recorded the greatest number of backhand shots
[n �2382 followed by the intermediate (n �2027) and the beginners (n �1017)].
Further analysis has shown that the frequencies were significantly differed between
groups (F �8.39, p ≤0.005). The notational analyses have identified the drive as
the most shots performed (BHDV) (40.9% of 5426 shots). Only three types of shots
were frequently performed by all three groups which are BHDV (2220 of 5426
shots), the backhand crosscourt drive (BHXCDV) (853 shots), and the drop (BHDP)
(595 shots). In addition, three backhand shots have marked significant difference
between groups, which are BHDV (F �16.235, p ≤0.000), the backhand volley
drive (BHVDV) (F �14.902, p ≤0.001), and BHXCDV (F �5.793, p ≤0.017).
Even though different levels of playing execute different number of shots per game,
it was evident that all three groups had performed same type of shots as their most
frequently performed, and it was mainly at the back of the court (BHDV). These
findings could give practical implication to assist coaches and players to enhance
their playing strategy performance.

Keywords High-performance sport · Backhand analyses · Squash
Professional elite
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1 Introduction

Performance in a squash depends on many factors, including tactical and technical
strategies. A squash game consists of two major strokes during a play: the forehand
and the backhand. In a real game, opponents always attack a player’s weakest point
mostly at the backhand area. The backhand is always a difficult stroke to execute,
and it is the fragile part of most players [1] and least favored by players. Hence,
players without strong backhand strokes are considered handicapped in squash.

A video on hand notational analysis conducted prior to this study for international
tournament (National Sport Centre Series No. 6 one star in 2009) has shown that
most of the elite players played almost 62% on the backhand side, while players
with good backhand skill have the advantage during attacks and defensive situations.
Such strokes have also been spotted in National Junior Circuit Sportexcel (2015) and
National Junior Championships (2015). Most players had lost points following con-
tinuous attacks on their backhand area. Both situations clearly justify that backhand
is a crucial factor influencing players’ performance during the game.

The decision to execute strokes during the game is depending on the ball retrieved
by the opponent which led to a variety of strokes. According to [2], players may use
different types of strokes for different situations or same strokes for same situation;
the player’s choice is based on their observation of the opponent’s game strategies.
Different players may perform different playing styles according to their opponents’
response shots. The stroke choice appeared to be different between levels of athletes;
thus, the focus of this study is to analyze the frequency of strokes and types of
backhand shots performed between professional elite, intermediate, and beginner
players.

2 Method

In this study, “professional elite group” (PE) is defined as professional squash players
with the highest competitive level according to national and international standards
and also holding world rankings. The “intermediate group” (IM) are national junior
squash players with strong knowledge of basic skills and currently under theNational
Sports Council’s (NSC) development training program and Squash Racquets Asso-
ciation of Malaysia (SRAM) whereas The “beginner group” (BR) refers to squash
players represent their university and only have basic knowledge of squash game.

2.1 Participants and Sample of Matches

A total of 15 Malaysian squash players (age 21.27±5.22, height 1.69±0.98 m,
weight 64±10 kg) (PE, n �5; IM, n �5 and BR, n �5) were involved in this study.
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The University ethics committee approved the ethical procedures and all participants
signed the consent form.

Matches were recorded at three different tournaments: the CIMB Nicol David
Kuala Lumpur Open for PE group, the National Junior Championship for IM group,
and the Higher Educational Institutional Sports League for BR group. Thirty-five
matches were recorded with a total of 35 matches [PE, (n �10); IM, (n �15); BR,
(n �10)]. Each player played a different number of games due to their opponent’s
performance.

2.2 Procedure

All matches were recorded using SonyDigital Video Camera Recorder, model DCR-
PC350E (lens Carl Zeiss Vario-Sonnar T, 720×576 pixels, 25 frames per seconds),
whichwas positioned at the court’s frontal view.All recorded datawere then analyzed
and compared between groups using manual score sheets. Squash’s coaches (n �
2) and experts (n �2) were involved during notational analysis. An interobserver
analysis was conducted to analyze the reliability of these observers. The coaches and
experts had analyzed the types of shots from two intermediate group’s matches, and
a kappa coefficient (k) analysis was conducted. The kappa coefficient’s agreement
value of the types of shots from the two matches was acceptable (k �0.78), and the
observers were considered reliable to conduct further notational analysis.

3 Results and Discussion

3.1 Types of Shots Performed

Fifteen types of backhand shots were identified during the data analysis. They
were serve (BHS), drive (BHDV), volley drive (BHVDV), crosscourt drive (BHX-
CDV), volley crosscourt drive (BHVXCDV), boast (BHB), volley boast (BHVB),
drop (BHDP), volley drop (BHVDP), crosscourt drop (BHXCDP), volley crosscourt
drop (BHVXCDP), lob (BHLB), crosscourt lob (BHXCLB), volley crosscourt lob
(BHVXCLB), and back mirror (BHBM).

Overall, findings showed that players from all three groups tend to play BHDV
more often (2220 of 5426 shots) whereas BHXCDV was recorded as the second
highest preferable shot (853 of 5426 shots). The third most commonly performed
shot was BHDP (595 of 5426 shots) (Table 1).

All three groups have had recorded drive as their most frequent shots performed.
The PE group had performed a total of 1003 backhand drive shots. The IM players
have played a total of 976 shots while the BR have marked a total of 241 shots.
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Table 1 Descriptive statistics for most frequent shots performed by three groups

Shots Groups Total S error Min Max

BHDV PE 1003 34.702 65 269

IM 976 10.581 176 235

BR 241 8.096 31 78

BHXCDV PE 445 19.460 19 136

IM 265 9.230 25 83

BR 143 3.776 19 40

BHDP PE 266 12.627 16 90

IM 186 4.598 26 50

BR 143 4.665 17 40

Table 2 Comparison between groups and the pattern of significance among those three types of
shots

Type of
shots/Groups

BHDV BHVDV BHXCDV

PE IM BR PE IM BR PE IM BR

PE x ✓ ✓ x x ✓

IM x ✓ ✓ ✓ x x

BR ✓ ✓ x ✓ ✓ x

✓ indicates significance between groups
x indicates no significance between groups

Among all 15 shots, only three were recorded significant difference between groups
(Table 2). The shots were BHDV (F �16.235, p ≤0.000), BHVDV (F �14.902,
p �0.001), and BHXCDV (F �5.793, p �0.017).

Table 2 explained the comparison between groups and the significance among
three types of shots. Apparently, no exact pattern appeared between three groups
regarding these three types of shots; however, there were still significant differences
in terms of number of shots performed throughout game.

4 Discussion

This study found the high frequency of backhand shots played by PE (43.9%) com-
pared to the other two groups which are IM (37.4%) and BR (18.7%). This evidence
suggests that level of playing has influenced playing strategy. The differences in
shots frequency were influenced by the tactical and technical skills performed by the
players during tournaments. The difference in shot’s frequency in a rally probably
related to technical, tactical, and also the experiences of players. It is also might be
influenced by the accuracy of shots execution during the rally which forced players
to make extra movement to return the shots thus leads to more shots involved which
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correlate with previous findings [2, 3]. The PE players recorded highest backhand
shots as they always involved in long rally during their game compared to the other
groups which tend to quickly end their rally. This result confirms the study conducted
by Hughes et al. [4] on comparing playing patterns between three different groups:
elite, county, and recreational which resulted in different pattern encompasses by
different standards of playing.

Playing strategies were developed through experiences and practices. This factor
was evident in this study, which distinguishes playing standard between levels where
higher level of players recorded higher number of shots. According to Ref. [5],
individuals’ intrinsic dynamics together with their set of knowledge may perform
differently in various ways. Diverse movement develops while interacting between
specific task and environment if a certain situation arises. In this case, the advantage
is at the elite players side where they are able to continuously adapt to the demand
of the games where changes of techniques and tactics are required. The adaptability
might be due to more exposure to games and tournaments.

Interestingly, among the 15 types of shots, only three (BHDV, BHXCDV, and
BHDP) were most frequently performed by the players. Consequently, the England
Squash Federation had stated 56% of backhand drives (BHDV) post as winner dis-
tribution during matches. Reference [6] also found that winners and errors generally
performed on the left side of the court and at the back of the court (backhand side).
This concurs with the evidence of the higher number of shots frequency in BHDV.

Evidence also pointed that BHXCDV is one of most preferable shot played during
games. Through crosscourt shots, players could change a ball’s direction. This sudden
change of direction could give a negative impact to the opponents as they have to
return the hit, maintaining balance and making a turn simultaneously. This could
lead to a poor return and create an opportunity to win a point. Reference [2] findings
have supported the evidence of this study when their research concluded that players
execute the highest percentage of strokes that are aimed to the back area of the court.

Findings had shown that BHDP has emerged as one of the frequently performed
shots performed by players. Drop shots often force a player to run hastily toward
the court’s front area, which always disturbs the playing rhythm during the game.
When perturbations happens, a player becomes unstable, which leads them making
imprudent mistakes. Drop shots could increase an opponent’s pressure by decreasing
the time available for them to return the shot. This is in accordance with the previous
study by Vucković et al. [7] who professed that players tend to play straight drop
shots during attacks, when time constrains (less than 16 s). According to Refs. [6,
8], they stated that drop shots have high percentage of winner distributions.

From a strategy perspective, this high number of shots played at the back of a
court is an indicator of a basic play as suggested in [2] and “playing safe” [7]. A drive
shot acts as a strategic game shot as it places the return ball at the back of the court to
ensure that the opponent is far from the optimum position in court (T-position); it also
ensures that players had chances to plan another offensive shot to win a particular
rally. Reference [8] has summarized shot frequencies during a game and concluded
that the drive shots have obtained the highest frequency among others shots. This
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corroborated the findings of the present study. Thus, the drive shot is a basic shot
with a high tendency to win points during a rally; hence, it is a shot that is frequently
performed by players compared to other shots.

5 Conclusion

Evidently, there are no doubts drive shots (BHDV and BHXCDV) are the most
frequent shots performed by all players in three groups; however, there are still
significant differences between groups. This suggests that although types of shots
are the same, the length of rally and the number of shots performed are in different
levels. Probably, these factors differentiate their ranking in the squad. However, the
findings of this paper verify that even though the players were from three different
groups with different playing standard, they were able to produce the same type of
shots as their favorite during a game.

This phenomenon could be related to the intrinsic dynamics of the dynamical
system theory of movement [5]. Each individual has distinctive intrinsic dynamics
and for novices, their prior intrinsic dynamics lead them to react immediately for
effective performance without them realizing it. However, their intrinsic dynamics
is in conflict state when they start to learn specific movements. Henceforth, this will
differentiate their playing ability when they are becoming more matured and expe-
rienced. Findings of this study could be used by coaches to understand their players
and to analyze tactical choices during the game. The findings also could be used as
tools to search for the strengths and weaknesses of certain players. Eventually, play-
ers and coaches could formulate new strategies and training programs to enhance the
performance for further achievements. Further research could use the same approach
and analyze the winners and errors’ shots produced by players during tournaments
which were not analyzed in this study.
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Effects of Concurrent, Strength,
and Endurance Training on Metabolic
Syndrome Risk Factors Among Obese
Females

Sarina Md. Yusof, Noor Izzati Mohd Idris, Suhana Aiman
and Zulkifli Abd Kadir

Abstract The purpose of this study was to investigate the effects of a concurrent,
strength, and endurance training program onmetabolic syndrome risk factors among
obese females. Fifty-two obese females (mean ± SD: age 22.71 ± 1.53 years; body
mass index 33.96 ± 3.36 kg m−2) were randomly assigned into four groups (n = 13;
concurrent (CE), endurance exercise (EE), resistance exercise (RE) programs, and
control (C). All the intervention groups completed an 8-week intervention period
that consisted of either an endurance exercise (EE: aerobic exercise intensity level
started at 40% of training heart rate at week 1 and increased to 60% of training heart
rate at week 8), resistance exercise (six to eight resistance exercises using machine
at 50–70% of predicted 1RM), or concurrent exercise (CE: 25-min running plus six
to eight resistance exercises at 50–70% of predicted 1RM). Resistance exercise was
focused on upper body, lower body, and abdominal muscles. Before and after the
intervention, subjects completed an incremental treadmill run andmaximal isometric
strength tests. The baseline values for waist circumference, TRI, HDL, fasting blood
glucose, and blood pressure were identical in all groups. Significant interaction (time
x intervention) were found inWC, systolic blood pressure, and blood glucose, but not
in TRI and HDL. However, no significant differences were found between the groups
in all outcomemeasures. The results suggest no significant difference in benefits of an
8-week of endurance, resistance and concurrent exercises onWC, TRI, HDL, fasting
blood glucose, and blood pressure among obese female adults maybe because of an
insufficient sample size or a short intervention period.
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S. Md. Yusof (B) · N. I. Mohd Idris · S. Aiman · Z. Abd Kadir
Faculty of Sport Science and Recreation, Universiti Teknologi MARA, Shah Alam,
Selangor, Malaysia
e-mail: sarin864@salam.uitm.edu.my

© Springer Nature Singapore Pte Ltd. 2019
N. Sulaiman et al. (eds.), Proceedings of the 3rd International
Colloquium on Sports Science, Exercise, Engineering and Technology,
https://doi.org/10.1007/978-981-10-6772-3_4

25

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-10-6772-3_4&domain=pdf


26 S. Md. Yusof et al.

1 Introduction

Obesity is generally associated with excessive body weight which is caused from
excessive fat in the body due to an imbalance between energy intake and energy
expenditure.Metabolic syndrome (MetS) is a groupof risk factorswhich increases the
heart disease and health problems. The five risk factors are large waist circumference
(WC), high triglyceride (TRI) and low high-density lipoprotein (HDL) levels, high
fasting blood sugar, and blood pressure (BP). Metabolic syndrome is becoming very
common due to an increase in obesity rate in adults. Havingmetabolic syndromewill
increase the risk of developing cardiovascular disease and diabetes. Presence of 3–5
risk factors constitutes the diagnosis of metabolic syndrome [1]. Malaysia has been
noted to have a high prevalence of MetS when compared to other Asian countries
[2].

Prevalence of metabolic syndrome are more evident in women as compared to
men [3]. Evidences have shown that in most cases of obesity are more related to low
energy expenditure. Weight training or resistance exercise shows many advantages,
which is a powerful stimulus to increase mass, strength, muscular power and helps
to preserve the integrity the musculature.

Literatures have shown that resistance training is a safe training method and sig-
nificantly help to improve body weight, reducing waist circumference, increasing
muscular strength and improve physical performance [4, 5]. Endurance exercise
helps reduce cardiovascular risk by reducing body weight, improving blood lipid
profiles [6]. There is evidence to show that the combined resistance exercise and aer-
obic activity improve blood lipid profiles better than either exercise performed inde-
pendently [7]. However, there are evidences showing that combining the exercises
may compromise the gains from weight exercise as compared to when conducting it
alone due to the interference effect. Concurrent exercise is defined as the integration
of endurance and weight training in a periodized exercise regime [8]. The purpose of
this study was to evaluate the effect of endurance, resistance, and concurrent training
on metabolic risk factors among obese female adults.

2 Method

2.1 Participants

A total of 52 participants who met the inclusion criteria were recruited via advertise-
ment. Participants were adults obese female volunteers aged between 20 and 26 years
old and underwent two screening processes. Criteria for inclusion were: females hav-
ing Body Mass Index (BMI) ranged from 30.0 to 39.9 kg/m2, body fat percentage
ranged between 35 and 45%, and free from any chronic diseases (diabetes mellitus,
hypertension, any cancer disease, and any of heart diseases and endocrine disorder).
Volunteers with musculoskeletal injuries, physically impaired, under medication or
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drugs or both, and having abnormal menstruation were excluded. Participants were
required to pass a Physical Activity Readiness Questionnaire (PAR-Q), health status
examination and ECG tests prior to participation. Participants gave their consent
upon arriving at the lab. The study was approved by UiTM Ethics Committee in
accordance to the Helsinki Declaration.

Participants were randomly assigned based on age, BMI, body fat percentage,
and non-fasting blood glucose into four groups: aerobic exercise (AE), resistance
exercise (RE), concurrent exercise (CE), and control. Participants’ characteristics are
as shown in Table 4. All participants successfully completed the intervention, and
no injuries due to the intervention were reported. Outcome measures were measured
for the pre- and post-intervention.

2.2 Intervention

All exercise groups engaged with the exercise program for 8 weeks, 3 times per
week, and 1 h per session. Participants warmed up for 5 min prior to exercise and
cooled down for 5 min after the conditioning phase. Earlier, participants were taught
to perform carotid palpation to measure their resting heart rate upon wake up from
sleep in the morning. Carotid palpation was used to calculate the training heart rate
for aerobic exercise group.

Aerobic exercise (AE)—The prescribed aerobic exercise intensity level started at
40% of the training heart rate at week 1 and increased to 60% of training heart rate at
week 8 of the intervention. Aerobic exercise phase began with a brisk walk to slow
jog (Table 1).

Resistance exercise (RE)—Resistance exercise group were asked to perform six
to eight resistance exercises using machine at 50–70% of predicted one repetition
maximum (1-RM) with rest interval between 1 and 2 min between set [9]. The
exercises were focused on upper body, lower body and abdominal muscles (Table 2).

Concurrent exercise (CE)—For concurrent exercise group, the participants had to
perform aerobic exercise for 25 min followed by resistance exercise in one session
at the same intensity with aerobic and resistance exercise. Participants in concurrent
group were trained half of the volume of resistance exercise (Table 3).

Control

The control group did not follow any exercise program but maintained a normal daily
activity throughout the exercise duration.

Table 1 Aerobic exercise program

Exercise protocol Exercise routine

Intensity: 40–60% of heart rate maximum
(HRmax)

Treadmill brisk walking
Treadmill jogging
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Table 2 Resistance exercise program

Exercise protocol Exercise division Exercise routine

Intensity: 50–70% of 1RM Two upper body exercise Chest press
Lat pull down
Shoulder press
Biceps curl

Two lower body exercise Leg extension
Leg curl
Leg press
Calf raise

Two abdominal exercise Russian twist
Abs crunch
Leg raise
Plank

Table 3 Concurrent exercise program

Exercise method Exercise protocol Exercise routine

Combining aerobic and
resistance exercise in one
session

Resistance training
Intensity: 50–70% of 1RM
Duration: 30 min
Frequency: 3× per week
Exercise: 6–8 exercises

Similar to exercise routines
implemented in resistance
exercise

Aerobic training
Intensity: 40–60% of HRmax
Duration: 30 min
Frequency: 3× per week

Participants were advised to maintain to their normal diet throughout the exercise
program. Three days food record was collected from the participants to ensure they
were keeping to the normal diet.

2.3 Outcome Measures

Anthropometry measurements

Height and weight were measured using stadiometer and weighingmachine (Tanita).
Body mass index is calculated using mass formula (kg) divided by height × height
(m2).

Waist circumference

WC was measured at the end of several consecutive natural breaths, at the level
parallel to the floor, midpoint between the top of the iliac crest and the lower margin
of the last palpable rib in midaxillary line [10]. The data were analyzed using cutoffs
points for Caucasians and Asians (80 cm in women) [11].
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Triglyceride and high-density lipoprotein

Venous blood samples were taken by a doctor and analyzed for lipid profile and
fasting glucose. Triglycerides were measured based on an enzymatic procedure. The
Abell–Kendall method was used to measure high-density lipoprotein.

Fasting blood sugar

Fasting serum glucose was assayed enzymatically by using the VISTA kit analyzer
(SIEMENS, USA). The process involves in sampling the blood specimens, reagent
delivery, mixing procedures, and chemical processing were automatically performed
by Dimension Vista software operating system (2008).

Blood pressure

This systolic and diastolic blood pressure measurement was using manual desk mer-
cury sphygmomanometer. The measurement was taken at the left arm after partic-
ipants sit at backrest chair for 10 min. The values of systolic and diastolic were
recorded in mmHg. Reliability for systolic was reported at r = .89 and diastolic was
reported at r = .83 [12].

2.4 Data Analysis

This study utilized amixedwithin-between subjects analysis of variance (ANOVA) to
determine the significant interaction and main effects of the interventions on the out-
comemeasures between pre- and post-intervention. Data are reported as mean± SD.
The statistical significance level was set at 0.05. Statistical Package for Social Sci-
ence version 21.0 was used to analyze the data. Tukey’s post hoc test was further
used to determine the differences.

3 Results and Discussion

3.1 Participants’ Characteristics

Participants were not significantly different in age, weight, height, WC, TRI, HDL,
and blood glucose at baseline. Table 4 shows the participants’ characteristics.

3.2 Effects of Intervention on WC

Significant interaction between intervention type and timewas found forWC,Wilks’
Lambda = .597, F (3, 48) = 10.81, p < .05, partial eta squared = .043, with all groups



30 S. Md. Yusof et al.

Table 4 Participants’ baseline characteristics

AE (n � 13) RE (n � 13) CE (n � 13) Control (n � 13)

Age (years) 22.38 (.768) 22.46 (1.266) 23.77 (1.787) 22.23 (1.691)

Weight (kg) 83.34 (9.59) 86.81 (12.71) 87.78 (10.27) 86.19 (9.78)

Height (cm) 157.31 (4.12) 159.72 (5.84) 160.59 (4.81) 158.82 (5.35)

BMI (kg/m2) 33.62 (3.26) 34.01 (4.09) 34.04 (2.99) 34.18 (3.38)

WC (cm) 87.79 (6.33) 91.50 (7.29) 91.72 (8.58) 91.06 (7.87)

TRI (mmol/L) 1.23 (.56) .96 (.22) 1.02 (.42) .95 (.46)

HDL (mmol/L) 1.25 (.26) 1.37 (.26) 1.28 (.29) 1.33 (.25)

Blood glucose
(mmol/L)

4.90 (.77) 4.57 (.44) 4.90 (.47) 4.70 (.56)

Systolic pressure
(mm Hg)

124.31 (12.15) 122.62 (12.85) 124.38 (11.97) 127.08 (10.24)

Diastolic
pressure (mm
Hg)

76.77 (11.83) 77.15 (9.15) 78.77 (10.51) 76.92 (6.93)

showing reduction in WC. The main effect for time, Wilks’ Lamda = .615, F (1, 48)
= 30.02, p < .05, partial eta squared = .385, with three groups showing reduction in
WC across two observations. The main effect comparing the types of training was
not significant, F (1, 48) = 1.669, p = .186, partial eta squared = .094, suggesting no
difference in the effectiveness of the three interventions.

This study supported earlier findings [13] which indicate that all types of exercise
induce positive changes to WC, in which high WC measurement is a risk factor of
metabolic syndrome which leads to cardiovascular disease [14]. Most of the studies
which reported the changes were mostly conducted at a longer duration (12 weeks),
while in the present study, it was conducted only in 8 weeks.

3.3 Effects of Intervention on TRI and HDL

No significant interaction between intervention (aerobic, resistance, concurrent,
and control) and time on TRI, Wilks’ Lambda = .957, F (3, 48) = 1.481, p = .231,
partial eta squared = .085. There was no main effect for time, Wilks’ Lambda = .925,
F (1, 48) = 3.893, p = .054, partial eta squared = .075. The main effect when com-
paring the types of training also showed no significant difference, F (3, 48) = .714, p
= .548, partial eta squared = .048, which suggests no difference in the effectiveness
of all interventions in triglycerides.

A significant interaction between interventions (aerobic, resistance, concurrent,
and control) and time in HDL is noted, Wilks’ Lambda = .844, F (3, 48) = 2.956, p =
.042, partial eta squared = .156. There was no main effect for time, Wilks’ Lambda
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= .975, F (1, 48) = 1.236, p = .272, partial eta squared = .025. The main effect when
comparing the types of training showed no significant difference, F (3, 48) = .644, p
= .591, partial eta squared = .039, which suggests no difference in the effectiveness
of all interventions in high density lipoprotein.

Although some studies have shown improvement in TRI and HDL following
8 weeks of concurrent and endurance training [15], this study however did not show
any improvement in TRI and HDL, but changes in body weight and fat mass were
found. This is probably due to the difference in the exercise intensity and volume
which did not exert any changes in the activities of some lipid-regulating enzymes
[16]. For future study, it is suggested that to determine the adequate volume and
intensity, cortisol level is to be measured.

3.4 Effects of Intervention on Fasting Blood Glucose

No significant interaction were found between training types and time in blood
glucose, Wilks Lamda = .854, F (3, 48) = 2.739, p = .054, partial eta squared =
.146. A substantial main effect for time, Wilks Lamda = .888, F (1, 48) = 6.051, p
= .018, partial eta squared = .112, with all intervention groups shows reduction in
blood glucose. The main effect when comparing the three interventions showed no
significant difference, F (3, 48) = .865, p = .466, partial eta squared = .051, which
indicates no difference in the effectiveness of all interventions in blood glucose level.

This study supported earlier study [16] which indicated improvement in blood
glucose among obese nondiabetic subjects following endurance and concurrent train-
ing. This finding is further supported by improvement in WC. Improvement in blood
glucose is associated with improved in insulin sensitivity [16].

3.5 Effects of Intervention on Resting Blood Pressure

Significant interaction between interventions and time were noted, Wilks’ Lambda
= .851, F (3, 48) = 2.805, p = .050, partial eta squared = .149. There was substantial
main effect for time, Wilks’ Lambda = .756, F (1, 48) = 15.487, p = .000, partial eta
squared = .244. The aerobic, resistance, and concurrent groups showed a reduction
in systolic blood pressure, but an increment of systolic blood pressure is shown in
the control group. However, the main effect when comparing aerobic, resistance,
concurrent, and control groups showed no significant difference, F (3, 48) = 1.821,
p = .156, partial eta squared = .102, which suggests that there is no difference in the
effective of all interventions in reducing systolic blood pressure.

Several studies have shown the improvement in systolic blood following
endurance, resistance, and concurrent training [17]. The reduction in systolic blood
pressure is probably due to the reduction in peripheral vascular resistance [18],
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Table 5 Effect of intervention on WC, TRI, HDL, BG, and BP

AE (n � 13) RE (n � 13) CE (n � 13) Control (n � 13)

WC (cm) 84.18 (5.62)* 87.43 (5.46)* 91.20 (8.76)* 91.64 (7.26)

TRI (mmol/L) 1.05 (.58) .92 (.21) .90 (.34) .99 (.40)

HDL (mmol/L) 1.23 (.20) 1.38 (.30) 1.41 (.32) 1.30 (0.26)

Blood glucose
(mmol/L)

4.66 (.90) 4.36 (.39) 4.33 (1.06) 4.85 (.44)

Systolic pressure
(mm Hg)

116.31 (8.60) 117.69 (11.66) 116.54 (7.47) 128.08 (9.65)

Diastolic
pressure (mm
Hg)

74.92 (7.64) 73.85 (9.61) 76.00 (8.64) 78.23 (6.83)

alteration of sympathetic nervous system function and vasculature responsiveness,
and baroreflex action in lowering the blood pressure [18].

No significant interaction between and time on diastolic pressure was found,
Pillai’s Trace = .028, F (3, 48) = .460, p = .711, partial eta squared = .028. No main
effect for time, Pillai’s Trace = .024, F (1, 48) = 1.181, p = .283, partial eta squared
=.024. In addition, the main effect when comparing aerobic, resistance, concurrent,
and control groups showed no significant difference,F (3, 48) = .281, p =.839, partial
eta squared = .017, which suggests that there is no difference in the effectiveness of
all interventions in diastolic blood pressure (Table 5).

4 Conclusion

It can be concluded that these exercise interventions do not show clear superiority and
definite adaptations in metabolic risk factors among obese female adults, however,
it is proven that exercise intervention do induce positive changes in improving the
metabolic risk factors. Further studies are, therefore, necessary to which include a
larger sample size, different gender, and a longer intervention period.
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A Systematic Review of Type of Injury
Among Rugby Union Players

Megat Ahmad Aslam Megat Azman, Norazhan Che Lan, Siti Hartini Azmi
and Norasrudin Sulaiman

Abstract Rugby union is a full-contact sport that the rate of injuries is higher.
Multiple studies discovered rate and type of injuries occurred in rugby union influ-
ences by many factors. Hence, the aim of this study is to identify the type of injury
occur in rugby union and identify the comparison of approach on leading to injury. In
addition, the study is also able to ascertain injury rate based on player position. There-
fore, the study was conducted by systemic review on previous articles and journals,
then the data will analyze by meta-analysis method. The result shown probability of
injury occurs as high as 57.2% per 1000 player-hours. The results also showed that
most of the injuries were soft muscle injuries and position of player did not influence
the injuries rate and type.

Keywords Rugby union · Injury

1 Introduction

International Rugby Board (IRB) started to introduce professionalism in October
1995 Rugby World Cup 1995, where the player started to register as a professional
player. The governing body IRBstarted to provide afinancial reward to a professional
rugby player in order to sustain the game quality. However, Ref. [1] states that due
to professionalism involvement, the rugby players need to meet the physical and
mental standard as well as show the pace and strength expected of a full-time athlete.
Nevertheless, the Ref. [2] state that a standard expectation has also affected the
majority of amateur players. Hence, the injury pattern and rate are becoming difficult
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to control among the players. According to Ref. [3], rugby resulted in the highest
injury in sport where (198 cases/10,000 h) it is nearly double as basketball injury
rate (103 cases/10,000 h). Nevertheless, updated that rugby still at the highest rate
of injury followed by soccer and field hockey [4].

A different type of injury coming from different approaches of body contact in
a rugby game. The damage can lead from mild to severe injury, categorized as foul
play, tackle, scrum, and many more. The tackle has been reported in many articles
that the action of the play that resulting in most injuries [5]. However, some research
reported to have a high incidence of foul play. In addition, physical factor such as
fatigueness has been suggested as one of the main influences to a rugby injury and
only happen within a time of the game. The researcher believes that more injuries
should occur during the second half of a match when players are fatigued [6].

Therefore, identifying the type of injury and comparing the different type of
approach leading to injury in rugby union stand to be advanced via a reviewing
number of articles and journals in meta-analysis of eligible studies. The aim of
this systematic review is to examine the brief idea of the different type of injury
in rugby union. This analysis will be limited to prospective studies only. Our main
objectives are to determine the comparison of different approaches leading to injury
and reviewing the most dangerous approach in rugby union that supported by past
articles.

2 Method

2.1 Research Design

This research design is a systematic review, journals related to injury in rugby
union were reviewed. The data collected and look frommultiple studies. In addition,
resources are mostly reviewing the specific demand samples and subjects to produce
the topic requirement. The journals or sources are searching and analyze from the
related question. The methodology part of the review will be listed in the databases
and citation list. Examples of search database used were EMBASE, SPORTDiscus,
PubMed, and Web of Sciences. In this research design, there are no participant and
treatment involved. The brief summary of the type of injury coming from articles
that revising the same sport (rugby union), where participants were controlled and
have been properly briefed and tested. The related articles will provide the type of
injury and approach that lead to injury, which will be the main focus of this journal
review. Hence, this research design will help the journal review to generate the new
idea and issue that are related to the future.
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2.2 Sample

The samples are collected fromprevious journals and articles, then it will be extracted
and analyzed for the review. This research sample will be utilizing the online search
engine PubMed, EMBASE, and SPORTDiscus in October 2015. We then hand-
researched the references from the related topic from key systemic reviews and prior
study on rugby union.

2.3 Data Collection

The data collection for this journal is coming from different sources (direct.com,
journal sport science and medical.com and many more), where the liability of the
sources is very liable and established. The strategy during the journal searching in
PubMed and adapted it for EMBASE: ((rugby union[tiab]) AND ((injury OR issue
OR problem OR accident OR concussion OR bruise OR dislocation OR fracture OR
sprainORstrainORcontusionORhematomaOR lacerationORbroken))AND((type
OR mechanism OR tackle OR scrum OR approach OR professional OR amateur).

The documents are mostly downloaded in PDF format and then it will be catego-
rized into different categories. The journal selection initially searches by title and the
abstract reviewed looking for rugby injury and related field. Then they studied and
marked as potentially beneficial to the study. The journal must contain the valuable
information fitting the criteria. The information and text were then retrieved elec-
tronically online. The inclusion was primary search on rugby with an incidence on
the type injury and mechanism of injury.

2.4 Reliability and Validity

Of the 500 studies found through online database, we only selected 30 which are
included in the final review. The procedure of exclusion is given in the flow diagram
given (Refer Fig. 1).

3 Results and Discussion

Studies recounted match injury rates as per 1000 player-hours. The probability per-
centage provided by six studies reported that injuries might occur as high as 57.2%
per 1000 player-hours. The average probability of injury for one player can get up
to 68%, where minimal probability can get up to 6% (Refer Table 1).
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Page pinpointed through data-
base searching
Embase = 145
PubMed = 155
SPORTDiscus = 200

Number of journal a er 
screened
(n = 300) 

Number of full-text
Availability (n = 102) 

Number of journal
selected for review

(n = 30)

Journal excluded on reading full-
text (n = 211)

Other Sports = 125

Systemic Review = 50

Biomedical = 22

Case Study = 14

Fig. 1 Flowchart of literature selection

3.1 Type of Injury

Soft tissue and closed injuries accounted for almost half percent of all injuries.
These were further subdivided into contusion/hematoma (46%) and joint/ligament
sprains/tears (47.2%). Other types of injury included fractures (27%), disloca-
tions/subluxations (10.8%), and concussions (24.6%) (Table 2).

3.2 Phases of Play

It is reported that phases of play (mechanism) play an important factor leading to
different types of injury. In total, tackle, which contain tackling and being tackled
reported as themajority rate in injuries (39.6–64%). It ismeasured that active tackling
(16.5–65.0%) consisted of higher rate than active tackling (18.5–40%). It is followed
by ruck and maul with injuries rate (8.3–31.5%) after tackling and being tackled.
Lastly, injuries rate produced by scrum (2.0–36.0%) is the last phases of play in
rugby union (Table 3).
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Table 1 Probability of injury in percentage

Author and year
of publication

Number of
injuries

Total time
exposure

Injury incidence
(95% Cl were
given)

Averange
probability of a
player getting
injured

Fuller (2011) 190 3320 player-hour 57.2 (49.6–66.0)
injuries per 1000
player-hours

63

Gabbett (2008) 62 1092 player-hour 56.8 (42.6–70.9)
injuries per 1000
player-hours

68

Haseler (2010) 210 1636 player-hour 11.9 (4.1–19.6)
injuries per 1000
player-hours

9

Nathan (1983) 10 2700 player-hour 3.7 injuries per
1000
player-hours

6

Nicol (2011) 26 2406 player-hour 10.8 injuries per
1000
player-hours

10

Roux (1987) 353 50 126
player-hour

7.0 injuries per
1000
player-hours

12

aAll the information provided in their research itself (6 studies)

Table 2 Percentage of type of Injury

Injury Percentage of all injuries (%) Number of studies

Fracture 3.0–27.0 9

Ligament injuries, sprains and
strains

15.7–47.2 7

Dislocation and subluxation 0.5–10.8 6

Laceration, contusion and
haematoma

2.7–46.0 7

Concussion 2.2–24.6 10

aData provided by 10 studies

Table 3 Percentage of phases of play that lead to injury

Phase of play Percentage of all injuries Number of studies

All tackle 39.6–64.0 9

Active tackle 18.5–40.0 8

Recipient of tackle 16.5–65.0 8

Scrum 2.0–36.0 9

Ruck/maul 8.3–31.5 7

aData provided by 9 studies
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Table 4 Injury percentage by player

Player position Percentage of all injuries

Forwards 43.8–56.3

Backs 43.6–56.3

aData provided by 9 studies

3.3 Player Position

Based on 13 studies reported that the data provide in two different types of positions
(forward and back) in rugby union that lead to the injury are measurable (refer
Table 4). The injury rate provided showed that the injuries occurred between two
different positions 43.8–56.3% and 43.–56.35% of all injuries are slightly different.

Based on 13 studies reported that the data provide in two different type of positions
(forward and back) in rugby union that lead to the injury are measurable (refer
Table 4). The injuries rate provided showed that the injuries occurred between two
different positions 43.8–56.3% and 43.6–56.35% of all injuries are slightly different.

3.4 Site of Injury

The highest possible parts where injuries may occur are lower extremity compared
to the upper extremity. Based on 5 studies, injury occurs in upper limb and lower
limb, which ranged from 19.3–38.4% and started from 3.4–46.8%.

4 Discussion

This study focuses on brief overview on the type of injury in rugby union and com-
parison on different approaches that leads to injury. Rugby has been well known
full contact sport yet wear a little or no protective gear. Due to term professional
involves the financial reward are given to the professional rugby player. Therefore,
they need to achieve a standard strength and performance in training and competition.
Reference [1] states that due to the high expectation, injury rate become uncontrolled.
This is because the amateurs are very limited in experience where it leads to injury.
Relevance to the percentage of probability for a player to get an injury is more than
half (68) percent per 1000 player-hours. Therefore, the grade of professionalism in
sport does play a significant role in many things especially the injury rate when it
comes to rugby union [6].

Injuries in rugby have become very familiar with its own nature of the game,
where body contact is vital to win a match. Reference [6] mention that the reason
why injury in rugby union is higher due to the speed of the game, player are bigger
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and fitter, tackling is harder and tactical are complicated. The mechanism of injury is
very complicated, and the vigorous impact during the game and training depends on
the area being hit [3]. Majority of injury resulted from contact phases of play, where
the studies have proven almost 65% of injury resulted from being tackled. However,
the position of the player does not influence the injury percentage based on this
systemic review. Therefore, understanding the phases of play that lead to injury may
identify the amount of damage physically to the player and type of injury.

Previous research describes that the most percentage of the injuries located at
the lower part of the body, 25% of injuries in knee consider severe [6]. Which
supported by previous studies where ligament injuries, sprains and strains have the
highest injury chances (47%). Although more severe injuries such as fractures and
concussions are commonly reported [7]. The approaches in rugby such as scrums and
tackle above shoulder may lead to upper body damages and severe medical injuries.
Furthermore, the head is the most sensitive part of the body where the damages in
rugby are very common [2]. In addition, the injuries resulted from scrums and bad
tackle may also lead to serious neck injury [7]. Based on five studies, injury occur in
upper limb and lower limb, ranging from 19.3–38.4% and started from 3.4–46.8%.
Therefore, the phases of play in rugby can lead to upper limb injuries and possible
severe medical issue.

5 Conclusion

It is theoretically accepted that rugby union is a physical sport and contributes to
physical injuries. However, it is also associated with higher injury risk when it comes
to rugby union and professionalism. Rugby is the physical sport that causes various
types of injury where ligament, sprain, and strain are considered the highest injury
ratio. It is believed that based on this systemic review, being tackled is the highest
rate in phases of play. Lastly, player position did not influence the rate of injury based
on this study. Nevertheless, a player with the proper training and good exposure may
help the player avoid from getting injuries. Thus, understanding the different type of
injury appear in rugby union may beneficial to first aider and prevention system in
lesser the injuries rate to occur.
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Preferred Coaching Behaviours Among
Malaysian KARISMA 2015 Athletes

Tan Chee Hian, Muhammad Aman Bin M. Maamor,
Syed Mukhris Bin Syed Adnan and Jong Li Ling

Abstract Purpose: This study was to justify the preferred coaching behaviors of
Malaysian youth athletes. Method: It was a descriptive and inferential research
designed using the Leadership Scale of Sports (LSS, Chelladurai [Journal of
sport Psychology, 6(1), 27–41, 1994, 2]) questionnaire to conduct and elaborate
the related information with self-administration. The samples were purposively
selected. The estimated population was about 2500 Malaysian youth athletes in
KARISMA 2015 tournament. Referred to Baumgartner and Hensley [Conducting
& Reading Research in Kineaiology, McGraw Hill, 2004,1], the appropriate sam-
ples size came to 342 samples. The adopted questionnaire (r � 0.89) consisted of
two sections. Section A: Demographic data of samples which consisted of gen-
der, type of sports, and past experience involvement and achievement in partic-
ular sports. Section B was questions perceived that preferred coaching behavior
of selected samples. LSS was inclusive dimensions of training and instruction,
autocratic, democratic, social support, and positive feedback of coaches’ behav-
ior. Results: Descriptive statistic showed the highest coaching behavior preferred
by overall Malaysian youth athletes was democratic behavior with a mean score of
M � 4.43, SD� 0.29. Inferentially independent t-Test to compare preferred coaching
behavior between gender showed less performed sport female youth preferred auto-
cratic where else, higher performed youths from various sports preferred democratic
coaches. ANOVA and Spearman Rho were used to compare the preferred coaching
behavior between various sports. It was statistically shown that there was signifi-
cant difference between sports and coaching behavioral precisely with ranking of
overall Malaysian youth athletes preferred democratic coaching in training process.
However, it showed that different sequence ranks were preferred between higher per-
formed sports’ youth athletes and lower performed sports youth athletes with respect
to democratic, social support, positive feedback and on the other hand, autocratic,
social support, and positive feedback were preferred. Conclusion: Malaysian youth
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athletes preferred training and instruction with democratic of their coaches but lower
performed sports youth athletes preferred autocratic rather than democratic compar-
atively and the rest were sequencing similar.Contribution: Results were in line with
the past studies and contributed to the coaching science, the body of knowledge.

Keywords KARISMA tournament · Malaysian youth athletes · Training and
instruction · Autocratic · Democratic · Social support · Positive feedback · Higher
and lower performed sport

1 Introduction

This study is to justify the preferred coaching behaviors of Malaysian youth athletes.
This study revisited the preferred coaching behaviors between different gender and
different sports. The demographic factors included the genders, type of sport, and
the past experience of the Malaysian youth athletes.

Coaches’ behaviors are very important factors in a team or individual in order to
achieve success because coach’s behaviors providing direction, implementing plans,
and motivating their athletes especially youth group that could profoundly impact
on the team to create a strong and effective team. Coaches behavioral must align the
team which, behind the ideas and obtain the group’s wholehearted commitment to
the overall plan.

Out of the Multidimensional Model of Leadership, Chelladurai and Saleh [3]
developed coach’s Leadership Scale for Sports (LSS) in which they administered
items drawn from scales to physical education and university athletes in various
sports. From these items, they then developed five dimensions of coaches’ behavioral
whichwas in the dimension of training and instruction being highlighted in this study.

Problems arise with many coaches’ behaviors which were talented and skillful
in respective sports. Success in the certain sport still depends on both sides which
mean the coach and the athlete as well. Coaches’ behaviors have an impact on how
effectively an organization reaches its objectives.

According to Terry andHowe [4], both the performance and preferred of an athlete
can be either enhanced or diminished by the effects of the personality and coaches’
behaviors of the teams. Furthermore, athletes come with a very different background
of life, social, individual and family values. The exposures toward coaching behav-
iors are different. Hence, every athlete has a different attitude towards their own
coaches’ behavior and different perception of increasing on their confidence level.
By identifying the preferred coaching behavior, the problem between athletes and
coach will be fixed.

This present study divided its objectives into several domains: To identify the
coaching behaviors preferred by Malaysian KARISMA athletes; To compare pre-
ferred coaching behaviors between different genders; To compare the preferred
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coaching behaviors between different sports involved Malaysian youth athletes.
Hence, it has been hypothesized into two hypotheses: Ho1—there is no significant
differences in mean score between preference on coaches’ behaviors between gen-
der and Ho2—there is no significant differences between athletes preference coaches
behaviors between various sports.

As a clarification, Malaysian youth athletes mean student-athletes in any uni-
versities campuses who participated in KARISMA 2015 tournament. Operationally,
there were 352 athletes which consisted of 184 of males and 168 females youth ath-
letes. Where else, the coach is any man or woman, paid or unpaid, who carries the
responsibility for instructing and directing a sports team.

Coaches’ behaviors involved the process of influencing the activities of an orga-
nized group toward goal setting and goal achievement. According to Hemphill and
Coons [5], leadership as the behavior of an individual when he is directing the activ-
ities of a group towards a shared goal. Coach performs two functions. First, the
leader performs the relationship function, which includes the feelings, attitudes, and
satisfaction of the members of the group and fulfilling an emotional role for the sub-
ordinates. Second, leaders are concerned about the task function. The coach must
guide the group in the direction of goal attainment, which is one of the primary roles
of the influence process [6].

The type of sports athletes participated in this study has also been shown to indi-
cate differences in preferences and perceptions [6]. Examined a variety of sports
types and did find that high school athletes preferred more training and instruction
compared with midget athletes, and that training and instruction strategies increased
slightly from high school to college athletes. Terry and Howe [4] even examined
differences between athlete preferences based on their participation in either inter-
dependent or independent sports. The study found that independent athletes preferred
democratic behaviors in coaches,while non-independent athletes preferred autocratic
behavior. Using the Leadership Scale of Sport (LSS), studied found that team sport
athletes preferred training and instruction behavior significantly more than members
of individual sports [3].

2 Method

This study used a descriptive and inferential research by using the questionnaire
to conduct this study to find the related information. This study directly looked at
the process of answering the questionnaire, and this is because the samples have
10–15 min to answer the questionnaires. Krejcie and Morgan [7] said appropriate
samples come to 342 (n � 342). The questionnaire was distributed with the total
of 352 Malaysian youth athletes from various sports in case of dropped out rate
concerned.
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3 Samplings

The sample was selected purposively. Target estimated population was 2500 of
KARISMAMalaysian youth athletes. The total questionnaire was distributed to 184
samples of male athletes and 168 of female athletes. Data were collected in 6 weeks.

4 Instrumentation

This study conducted was adopted an established questionnaires. The questionnaire
consists of two sections. Section A is about demographic section of samples. Section
B is on coaching behaviors. It was adopted Leadership Scale of Sports (LSS) and it
included the training and instruction with autocratic behavior, democratic behavior,
social support, and positive feedback. Samples indicated on a 5-point Likert with the
reliability of 0.89.

5 Data Analysis

The collected data had been analyzed by using descriptive statistic and an inferential
statistic which are Independent t-Test, ANOVA, and Spearman. Descriptive data
determine the overall mean score of coaching behaviors preferred by Malaysian
youth athletes.

Moreover, an inferential statistic which is Independent t-Test for the comparison
between genders and ANOVA for the comparison between sport and Spearmen Rho
in order to rank the preferred coaching behaviors of all samples.

6 Results

The overall ranking of coaches behaviors preferred by Malaysian KARISMA
Athletes as showed in the Table 1.

Table 1 showed the overall level of preferred coaching behavior by KARISMA
2015 athletes based onmean and standard deviation between dimensions of coaching
behaviors liked: Positive Feedback, Social Support, Democratic, Autocratic, and
Training Instruction. Democratic with the highest score ofM � 4.43, and the lowest
is social support with the score M � 3.44. Based on this data, the highest coaching
behavior preferred by 2015 Malaysian KARISMA athletes’ was Democratic.
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Table 1 Descriptive result of preferred coaching behaviors of Malaysian KARISMA athletes (n �
342)

Coaching behaviors Minimum Maximum Mean Ranking

Democratic 3 5 4.43 1

Positive feedback 3 5 4.31 2

Training instruction 3 5 4.23 3

Autocratic 2 5 3.90 4

Social support 2 5 3.44 5

Table 2 Independent t-Test result of preferred coaching behavior between gender

Coaching behaviors Sex N t Sig. (2-tailed)

Autocratic Male 184 2.21 0.027

Female 168 2.23 0.026

Social support Male 184 0.61 0.541

Female 168 0.61 0.541

Training instruction Male 184 0.39 0.698

Female 168 0.39 0.696

Positive feedback Male 184 0.31 0.756

Female 168 0.31 0.756

Democratic Male 184 0.11 0.915

Female 168 0.11 0.914

P � < 0.05 show significant

Table 2 showed the result of preferred coaching behavioral based on preferred
coaches behaviors. The statistical reading for male and female youth athletes was
significantly different between Autocratic behavior among less performed youth
athletes.

Comparison of Coaching Behavioral preferred by 2015 Malaysian KRISMA ath-
letes between sports (Table 3).

Table (4) showed the ANOVA result of preferred coaching behavior for Training
Instruction ion between different sports. The statistical reading is F � 6.40, P < 0.05.

7 Discussion

Based on Table 3, the result concludes that the highest preference of coaching behav-
ior overall Malaysian youth athletes was democratic. Meanwhile, the lowest pref-
erence was social support behavior. It reflected that the democratic behavior was
the most effective coaching behavior preferred by the youth athletes in line with [8]
studied. However, democratic coaches do not have to leave all the decision-making
up to the team.
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Table 3 Preferred coaching behaviors between different sports

Type of sport Training
instruction

Autocratic Democratic Social
support

Positive
feedback

Football Mean 4.22 3.10 4.46 3.31 4.56

Standard
deviation

0.31 0.32 0.28 0.29 0.40

Netball Mean 4.23 3.93 4.49 3.41 4.01

Standard
deviation

0.31 0.33 0.24 0.26 0.31

Handball Mean 4.24 4.14 4.51 3.30 4.23

Standard
deviation

0.22 0.32 0.28 0.34 0.44

Volleyball Mean 4.19 3.88 4.35 3.26 4.31

Standard
deviation

0.40 0.46 0.31 0.33 0.53

Hockey Mean 4.23 3.93 4.46 3.09 4.33

Standard
deviation

0.20 0.36 0.27 0.47 0.29

Rugby Mean 3.90 3.66 4.53 3.39 4.28

Standard
deviation

0.37 0.44 0.20 0.38 0.25

Basketball Mean 4.22 3.69 4.32 3.49 4.48

Standard
deviation

0.28 0.28 0.17 0.34 0.51

Futsal Mean 3.98 3.76 4.34 3.37 4.25

Standard
deviation

0.25 0.33 0.37 0.42 0.50

Silat seni Mean 4.13 3.88 4.35 3.45 4.33

Standard
deviation

0.20 0.28 0.20 0.25 0.47

Taekwando Mean 3.95 3.59 4.40 3.45 3.94

Standard
deviation

0.33 0.46 0.17 0.28 0.32

Petanque Mean 4.02 3.80 4.21 3.09 4.60

Standard
deviation

0.25 0.38 0.34 0.38 0.43

The finding of this study was showed the result of the second objective which was
the preferred coaching behavior among Malaysian youth athletes between different
sports.
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Table 4 ANOVA result of preferred coaching leadership styles between sports

Coaching behaviors F Df Sig.

Autocratic Between groups 10.09 21 0.000

Within groups 330

Training
instruction

Between groups 6.40 21 0.000

Within groups 330

Social support Between groups 5.48 21 0.000

Within groups 330

Positive feedback Between groups 4.74 21 0.000

Within groups 330

Democratic Between groups 1.59 21 0.050

Within groups 330

P � < 0.05 show significant

8 Conclusion

This study concluded that the preferred coaching behavior of Malaysian youth ath-
letes was democratic. Hence, coaches needed to implement the democratic coaching
behavior towards their athletes and maybe this method will increase athletes’ per-
formance in the future. This study is also in line with some past studies and it could
contribute to coaching science, the body of knowledge.

References

1. Baumgartner, T. A., & Hensley, L. D. (2013). Conducting & reading research in kineaiology
(5th ed). McGraw Hill.

2. Chelladurai, P. (1994). Discrepancy between preferences and perceptions of leadership behavior
and satisfaction of athletes in varying sports. Journal of Sport Psychology, 6(1), 27–41.

3. Chelladurai, P., & Saleh, S. (1980). Dimensions of leader behavior in sports: Development of a
leadership scale. Journal of Sport Psychology, 2(1), 34–45.

4. Terry, P., & Howe, B. (1984). Coaching preferences of athletes. Canadian Journal of Applied
Sport Sciences, 9(4), 188–193.

5. Hemphill, J. K., & Coons, A. E. (1957). Development of the leader behavior description ques-
tionnaire. Leader behavior: Its description and measurement, 6, 38.

6. Turman, P. D. (2000). It’s all in the timing: The examination of athletes’ prefer-
ences and perceptions of their coaches’ leadership strategies throughout the course of
an athletic season. (9973605 Ph.D.), The University of Nebraska—Lincoln, Ann Arbor.
Retrieved from http://search.proquest.com.ezaccess.library.uitm.edu.my/docview/304612654?
accountid=42518ProQuestDissertations&ThesesGlobaldatabase.

7. Krejcie, R. V., & Morgan, D. W. (1970). Determining sample size for research activities. Edu-
cational and psychological measurement, 30(3), 607–610.

http://search.proquest.com.ezaccess.library.uitm.edu.my/docview/304612654?accountid=42518ProQuestDissertations&amp;ThesesGlobaldatabase


50 T. Chee Hian et al.

8. Pratt, S. R., & Eitzen, D. S. (1989). Differences in coaching philosophies between male coaches
of male and female basketball teams. International Review for the Sociology of Sport, 24(2),
151–161.



Calisthenics and Passive Stretching
Exercises for Patients with Type 2
Diabetes Mellitus: A Study Protocol

Norazila Nordin and Zainal Abidin Zainuddin

Abstract Resistance training using one’s own body weight has a pivotal role in
lessen the risk factors associated with type 2 diabetes mellitus (T2DM). One of the
typical resistance training exercises is traditional calisthenics, frequently included in
rehabilitation or physical therapy program. Likewise, passive stretching is beneficial
in improving glycemic control and physical fitness. To date, however, the effect of
calisthenics exercises and passive stretching that could improve the risk factors in the
population are not well understood. The propose study therefore, sets out to assess
the effectiveness of the supervised calisthenics exercise and passive stretching on
glycemic controls, body composition, risk factors that associate with cardiovascular
disease, and some fitness parameters. Adult patients who are registered in the Health
Centre, UTM, Skudai and meet some inclusion criterion will be randomly chosen for
this study. A total of 66 type 2 diabetics will be randomised into three experimental
groups (i.e. calisthenics (CS) and passive stretching (PS) and also combined exercise
(CP) and will receive treatment for 12 weeks of study duration. All parameters will
be measured at baseline and post measurement. We are aiming for an improvement
in physical measurement and blood biomarkers in subjects, besides investigating the
effectiveness of intervention exercises on fitness parameters thereby improving their
quality of life.

Keywords Calisthenics exercises · Passive stretching · Type 2 diabetes mellitus

1 Background of the Study

Diabetes Mellitus (DM) is one of predominant cardiovascular risk factor [1]. The
prevalence of diabetes mellitus has been estimated for each country for the years
2010 and 2030, thereby, it was manifested that Malaysia was the highest prevalence
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of T2DM among Asian countries [2]. At that time, the comparative prevalence had
shown that Malaysia was under top ten among countries that affecting about 11.6%
in 2010 and it is predicted to increase to 13.8% in 2030 [2]. In the national level,
prevalence of DM is projected to increase among the adult aged 30 years and older,
from 8.3% in 1996 to 14.9% in 2006 [3] and 20.8% in 2011 [4] have seen inMalaysia.
This is as a result of changing population of demographics (e.g. ageing and urbaniza-
tion), lifestyle (dietary pattern and physical inactivity) and also increase in obesity
[5]. As a matter of fact, T2DM is common disorder in the older person as prevalence
increases with age [1].

In order to prevent some kind of hypokinetic diseases and maintaining physical
fitness, adult particularly aged range 18–64, should engage physical activity includes
leisure time physical activity, working, household chores, or planned exercises [6].
The exercise intervention strategies, designed for the population of type 2 diabetics
should be adopted for each person and based on comorbidities, contraindication and
individual goals [7]. Most scientific organization recommended that a minimum of
150 min of moderate to vigorous intensity of aerobic activity, at least 3 days a week.
Resistance training (RT) exercises are recommended for at least 2 days a week.
On the other hand, flexibility exercise may be part of the intervention program as
complement to the other types of exercise [8].

RT has beneficial effects in enhancing physical fitness including musculoskeletal
strength, endurance power and conditioning of an individual. More over, it is encom-
passes a wide range of modalities including free weight, weight-stacked machine,
medicine ball, resistive band and body weight (calisthenics) [9–11]. The present
study defines calisthenics as exercise that apply isotonic and isometric muscle exer-
cises that target to all majormuscles groups, in order to gainmuscle fitness, flexibility
and improve metabolic profiles.

Calisthenics exercise directly targets the underlying pathophysiology ofmetabolic
syndrome, visceral obesity, improving lipid profiles and cardiac indices in adult
population [12–16]. The unique constellation of benefits of this training regimen
for instance could improve muscle strength, flexibility, proprioception, coordination
and balance, more congruent and effective to any other exercise regimen and diet
modification strategy [17–19].

Calisthenics exercise offers a radically different non-pharmachologic approach to
the treatment of T2DM and its risk factors. As oppose to aerobics exercise, notably
with low to moderate intensity, this exercise could improve metabolic risk factors
particularly in obese, type 2 diabetics. Result of previous study has proved that with
low-intensity RT, improved glycemic controls, body fat mass, body fat percentage
and HDL-c [20].

Flexibility exercises are recommended to complement the intervention exercise
and can benefit older people with type 2 diabetes [7, 8]. Nelson and Kokkonen [21]
added another adjunct effect of regular stretching exercise that could improve the
level of blood glucose. It was manifested by the earlier study revealed that passive
stretching exercises have improved blood glucose level in adult with Type 2 Diabetes
[22–25]. The movement of passive stretching is imposed by external force [22, 23]
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without contribution to generate force [26]. This study, however, defines passive
stretching as the range of motion imposed by someone force to assist stretch with no
effort by the subject being stretched.

The beneficial effects of RT on lowering cardiovascular risk (i.e. blood pres-
sure and lipids) have been reviewed elsewhere [27, 28]. Of the studies reviewed
here, the impact of RT (especially the usage of some equipment such as weight-
stacked machine, free weight and resistive bands) manifested some improvements
on metabolic risk factors in T2DM [20, 29–33]. Despite of high-quality equipment
with longer intervention duration indicated a significant improvement in muscle
strength, however, there were no significant improvement been observed in some
glycemic controls (HbA1c) and lipid profiles (HDL-c) [34–36] and BMI [37].

Despite the previous publications have recognized calisthenics as supervisedphys-
ical exercise, there is a notable paucity of evidence-based literature describing the
impact of calisthenics exercise and passive stretching on risk factors associated with
type 2 diabetes. In an attempt to shed some light on these issues, the present study
would be concentrating on calisthenics exercise, passive stretching and combined
exercise on glycemic controls, body composition, lipid profiles, cardiac indices,
flexibility level and muscle strength in patients with Type 2 Diabetes Mellitus.

2 Methodology

2.1 Design and Recruitment

We designed a quasi-experimental study among patients with T2DM. All subjects
will be recruited using purposive sampling, a non-probability sampling method. All
potential patients will be traced and identified based on the eligibility criterion. The
inclusion and exclusion criteria are depicted in Table 1. Those patients with T2DM at
the general practices fulfilling the inclusion criteria by the physician, will be invited
for screening for their eligibility. The recruitment further involves a health and physi-
cal examination, whichwill be conducted bymedical physicians. The physicians will
assess all medical conditions including cognitive function, cardiovascular condition
and history of injury (if any) and other medical conditions. The potential candidates
will be recruited, after the confirmation from the physicians about their safety that
will not be compromised.

2.2 Sample Size Estimation

It was calculated that 66 patients with T2DMwould be recruited this study to demon-
strate a significant difference at 95% power and 5% significance. The power calcu-
lation were based on the literature [36] and aimed at a difference of 0.5% in HbA1c
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Table 1 Eligibility criterion for T2DM

Inclusion Exclusion

1. Registered patient (regular) 1. Significant cognitive impairment

2. Under treatment; Diagnosed with T2DM 2. Non-ambulatory

3. Clinically stable T2D (no change in medication
for the previous 2 months)

3. Lower extremity amputation (other
than toes)

4. Voluntarily/willing to come to sports science lab 4. Alcohol and substance abuse

5. HbA1c range of >6.5% 5. Inability to comply the present study
requirement

6. Abnormal lipid profiles 6. Unstable CVD diseases

7. Able to perform all movements and assessment 7. Unrepaired aortic aneurysm

8. Understand the study purposes 8. Proliferative diabetic retinopathy

9. Sedentary (no structured exercises:< 1/week) 9. Rapidly progressive terminal illness
[40]

10. Conceived

value in the treated groups. Assuming an alpha level of 0.05 and statistical design
of F test of repeated measures (between and within effects). Based on 15% attrition
rate for 12 weeks study duration, thus, the sample size was increased to 76.

2.3 Ethics and Data Security

This study is comply to the principle of Declaration of Helsinki [38]. The present
study was approved by the Medical Research & Ethical Committee (MREC), Min-
istry of Health (NMRR-16-1505-30985-IRR). All patients will be asked for written
consent informed consent according to the standard form.

2.4 Exercise Protocol

The exercise protocol is currently based on recommendations for management of
T2DM from The American College of Sports Medicine (ACSM) [10] and the Amer-
ican Diabetes Association (ADA) [39] with some current evidence statements, fre-
quency, intensity, duration, mode, and rate of progression [8].

ACSM and ADA recommended 8–10 exercises, with 10–15 repetitions per set.
This study, however, adopts 13–14 exercises for calisthenics, with 8–12 repetitions,
depending on circumstances. Each subject will be guided and supervised to perform
the exercises for 3 times per week at the sports science laboratory, and another 2
additional times will be at their respective home. The subjects are advised to perform
the exercises on their own at their respective houses when they are able to do all the
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movements correctly and independently. The intervention program will be held for
about 12 weeks duration time.

Both calisthenics and passive stretching exercises target the large muscle groups
of upper limb, lower limb, and the trunk. For calisthenics exercises for instance,
consists of side lying abduction, lunges, high lunges, plank knee pull in, squat, push-
ups, plank rotation, dips, hand walk-out, double leg abs press, v-crunch, quadruped,
plank, and side plank. It will take approximately 40min, per se. A complete exercises
manual (illustrate) will be provided to each subject. For combined group for instance,
consists of 6 phases (warm-up, lower body, upper body, trunk, passive stretching).

Speaking at the exercise movement, it begins with slow to moderate, constant
pace. The rest between sets is not to be longer that 60 s. The intensity is determined
by relative intensity of subject self-rating, adopting the Borg Relative Perceived
Exertion (RPE) Scale from 6 to 20. In order to reach the moderate intensity level,
the score of each subject has to be within 11–13.

To monitor subject’s compliance, a log book will be given to each of them as a
compliance monitoring approach. It will be used to record any sign or symptom,
resting blood pressure, resting heart rate, and the exercise heart rate.

In addition to the passive stretching, all movements (e.g. Supine knee flexor-
plantar flexor, Prone hip flexor, Recumbent knee, ankle and back stretch, Reclining
lower-trunk extensor, Prone lower-trunk flexor, Seated hip adductor stretch, Seated
shoulder lateral flexor, Seated hip external rotators, extensors) will be guided by the
experimenter or the partner. All stretches will be done passively with the help of the
partner or experimenter. Each stretch will be held for about 30 s, then rest for 15 s
between stretching. The intensity level on the scale is from 1 to 3, with light pain
sensation [21, 22].

2.5 Outcome Measures

The primary outcome measure are glycated hemoglobin (HbA1c) and fasting blood
glucose (FBG). Secondary outcomes are fat.%, Muscle mass, BMI, fat free mass,
systolic blood pressure (SBP), diastolic blood pressure (DBP), resting heart rate
(RHR), low density lipoprotein (LDL-c), high density lipoprotein (HDL-c), trigly-
cheride (TG), total cholesterol (TC), muscle strength level and flexibility level. All
outcome measures are collected at baseline and post intervention (12 weeks).

3 Discussion

Exercise intervention was seen as a cornerstone for non-pharmachological treatment,
particularly of type 2 Diabetes, recognized by most international scientific organi-
zations: International Diabetes Federation (IDF), American Diabetes Association
(ADA) and American College of Sports Medicine (ACSM) [7]. The development of
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the intervention design needs through the process of planning the structure and the
implementation of exercise chosen are based on the training principles for instance
frequency, intensity, time (duration) and progression [10]. More over, some variables
need to be considered in the development of exercise prescription for T2DM patients
including safety factors (clinical status, exercise capacity), associated factors (mus-
culoskeletal limitation) and personal health and fitness goal [10]. To gain feasibility
of the designed training program, the pilot study will be conducted beforehand.

4 Conclusion

This study would make a unique contribution to public health in the working popu-
lation. In addition, this study will contribute to improve the quality health care for
diabetics in health clinic and would recommend a multifactorial approaches empha-
sizing education on patient behavior, glycemic controls, body composition, risk fac-
tors status, individualize physical fitness, and improved personal behavior towards
physical exercise.

Acknowledgements This work was supported by the health practitioners of the UTM Health
Clinic, with the cooperation of the Rehabilitation Centre, Sultan Ismail Hospital Johore Bahru,
Malaysia.

References

1. Holt, R. I. G., & Hanley, N. A. (2012). Endocrinology and Diabetes (6th ed.). Oxford. UK:
Wiley Blackwell.

2. International Diabetes Federation. (2009). IDF Diabetes Atlas, 4th Edn. Retrieved from http://
www.idf.org/diabetesatlas/downloads.

3. Letchuman, G. R.,WanNazaimoon,W.M.,WanMohamad,W. B., Chandran, L. R., Tee, G. H.,
Jamaiyah, H., et al. (2006). Prevalence of Diabetes in the Malaysian National Health Mobidity
Survey III. Medical Journal Malaysia, 65(3).

4. National Health and Morbidity Survey. (2011). The Fact Sheet. Retrieved from www.moh.go
v.my.

5. Holt, R. I. G., &Hanley, N. A. (2012). Endocrinology and Diabetes (6th ed.).Wiley Blackwell:
Oxford. UK.

6. WHO. (2011). Global Recommendation on Physical Activity For Health. Retrieved from http://
www.ncbi.nlm.nih.gov/books/NBK305057/.

7. Mendes, R., Sousa, N., Almeida, A., Subtil, P., & Guedes-Marques, Fdo. (2015). Victor
Machado Reis, José Luís Themudo-Barata. Exercise prescription for patients with type 2 dia-
betes—a synthesis of international recommendations: Narrative review. British Journal Sports
Medicine, 1, 1–4.

8. Colberg, S. R., Sigal, R. J., Fernhall, B., Regensteiner, J. G., Blissmer, J. G., Rubin, R. R.,
et al. (2010). Exercise and Type 2 Diabetes. The American College of Sports Medicine and
American Diabetes Association: Joint Position Statement. Diabetes Care, 33(12), e147–e167.

9. Howley, E. T., & Thompson, D. L. (2012). Fitness Professional’s Handbook (6th ed.). USA:
Human Kinetics.

http://www.idf.org/diabetesatlas/downloads
http://www.moh.gov.my
http://www.ncbi.nlm.nih.gov/books/NBK305057/


Calisthenics and Passive Stretching Exercises for Patients … 57

10. American College Of Sports Medicine. (2010). ACSM’s guidelines for exercise testing and
prescription (8th ed.). Baltimore: William and Wilkins.

11. Fleck, S. J., & Kraemer, W. J. (1997).Designing resistance training program (2nd ed.). Cham-
paign, IL, US: Human Kinetics.

12. Tsuzuku, S., Kajioka, T., Endo,H., Abbott, RobertD., Curb, J. D.,&Yano,K. (2007). Favorable
effects of non-instrumental resistance training on fat distribution and metabolic profiles in
healthy elderly people.Original Article European Journal of Applied Physiology, 99, 549–555.

13. Guzel, N. A., Pinar, L., Colakoglu, F., Karacan, S. & Ozer, C. (2012). Long-Term Callisthenics
Exercise Related Changes in Blood Lipids, Homocysteine, Nitric Oxide Level, and Body
Composition inMiddle-agedHealthy SedentaryWomen.Chinese Journal of Physiology. 55.xx.

14. Ajayi-Vincent, O. B., & Adesina, M. O. (2013). Effects of resistance training on the blood lipid
variables of young adults. European Scientific Journal, 9 (12).

15. Teramoto, M., & Golding, L. A. (2013). Regular Exercise and Plasma Lipid Levels Associated
With the Risk of Coronary Heart Disease. Research Quarterly For Exercise and Sports., 80(2),
138–145.

16. Sarvan, S. (2013). The Effect eight-week Core Exercises on Blood Lipid Profiles In Females.
Australian Journal of Basic and Applied Sciences, 7(10), 209–214.

17. Ayan Perez, C., Martin Sanchez, V., Teixeira, De Souza, & De Paz Fernandez, J. A. (2007).
Effects of a Resistance Training Program inMultiple Sclerosis Spanish Patients: A Pilot Study.
Journal of Sports Rehabilitation, 16, 143–153.

18. Ozer Kaya, D., Duzgun, I., Baltaci, G., Karacan, S., & Colakoglu, F. (2012). Effects of Calis-
thenics and Pilates Exercise onCoordination and Proprioception inAdultWomen: Randomized
Controlled Trial. Journal of Sports Rehabilitation., 21, 235–243.

19. Farinatti, P. T. V., Rubini, E. C., Silva, E. B., & Vanfraechem, J. H. (2014). Flexibility of
the Elderly After One-Year Practice of Yoga and Calisthenics. International Journal of Yoga
Therapy, 24, 71–77.

20. Hamasaki, H., Kawashima, Y., Tamada, Y., Furuta, M., Katsuyama, H., Sako, A., et al. (2015).
Associations of Low-intensity resistance training with body composition and lipid profiles in
obese patients with Type 2 Diabetes. PLoS ONE, 10(7), e0132959.

21. Nelson, A. G., & Kokkonen, J. (2014). Stretching Anatomy (2nd ed.). United States: Human
Kinetics.

22. Nelson,A.G.,Kokkonen, J.&Arnall,D.A. (2011). Twentyminutes of passive stretching lowers
glucose levels in an at-risk population: An experimental study. Journal of Physiotherapy, 57.

23. Putri Thanaya, S. A., Indrayani, A. W., & Andayani, N. L. N. (2015). Passive Stretching
Menurunkan Kadar Glukosa Darah Pada Penderita Diabetes Melitus Tipe 2 Di Kota Denpasar.
Majalah Ilmiah Fisioterapi Indonesia, 3(1).

24. Park, S. H. (2015). Effects of Passive Static Stretching on Blood Glucose Levels in Patients
with Type 2 Diabetes Mellitus. Journal of Physical Therapy Science., 27, 1463–1465.

25. Solomen, S., Syakya, R., Agarwal, K., Aaron, P., & Pradeep, S. (2015). Passive Stretching
Versus Active Stretching on Immediate Blood Glucose in Subjects With Type II Diabetes
Mellitus—A Pilot Study. International Journal of Physical Education, Sports and Health.,
2(1), 146–149.

26. Alter, M. J. (1996). Science of Flexibility (2nd ed.). Champaign, IL, US: Human Kinetics.
27. Hayashino, Y., Jackson, J. L., Fukumori, N., Nakamura, F., & Fukuhara, S. (2012). Effects

of Supervised Exercise on Lipid Profiles and Blood Pressure Control in People with Type 2
Diabetes Mellitus: A Meta-analysis of Randomized Controlled Trials. Diabetes Research and
Clinical Practice, 98, 349–360.

28. Gordon, B. A., Benson, A. C., Bird, S. R., & Fraser, S. F. (2009). Resistance Training Improves
Metabolic Health In Type 2 Diabetes Mellitus: A Systemic Review. Diabetes Research and
Clinical Practice, 83, 157–175.

29. Honkola, A., Forsen, T., & Ericksson, J. (1997). Resistance Training improves the metabolic
profile in individuals with type 2 diabetes. Acta Diabetologica, 34, 245–248.

30. Castaneda, C., Layne, J. E., Munoz-Orians, L., Gordon, P. L., Walsmith, J., Foldvari, M., et al.
(2002). A Randomized Controlled Trial of Resistance Exercise Training to Improve Glycemic
Control in Older Adults With Type 2 Diabetes. Diabetes Care, 25(12), 2335–2341.



58 N. Nordin and Z. A. Zainuddin

31. Bweir, S., Al-Jarrah, M., Almalty, A. M., Maayah, M., Smirnova, I. V., Novikova, L., et al.
(2009). Resistance Exercise Training Lowers HbA1c More Than Aerobic Training in Adults
with Type 2 Diabetes. Diabetology & Metabolic Syndrome., 1, 27.

32. Ghalavand, A., Shakeriyan, S., Monazamnezhad, A., & Delaramnasab, M. (2014). The Effect
of Resistance Training onCardio-Metabolic factors inMaleswith Type 2Diabetes Jundishapur.
Journal Chronic Disease Care, 3(4), e23346.

33. Dadgostar, H., Firouzinezhad, S., Ansari, M., Shima Younespour, S., AzamMahmoudpour, A.,
& Khamseh, M. E. (2016). Supervised group-exercise theraphy versus home-based exercise
therapy: Their effects on quality of life and cardiovascular risk factors in women with type 2
diabetes. Diabetes & Metabolic Syndrome: Clinical Research & Reviews., 2016, 1871–4021.

34. Plotnikoff, R. C., Eves, N., Jung, M., Sigal, R. J., Padwal, R., & Karunamuni, N. (2010).
Multicomponent, Home-based Resistance Training for Obese Adults with Type 2 Diabetes: A
Randomized Controlled Trial. International Journal of Obesity, 34, 1733–1741.

35. Hazley, L., Ingle, L., Tsakirides, C., Carroll, S., & Nagi, D. K. (2010). Impact of a short-
term, moderate intensity, lower volume circuit resistance training programme on metabolic
risk factors in overweight/obese Type 2 Diabetics. Research In Sports Medicine., 18, 251–262.

36. Arimi Fitri, M. L. (2013). Effects of a 16-week, home-based, high-intensity, progressive-
resistance training program on glucose homeostasis, cardiovascular disease risk factors, and
functional capacity of older Malaysians with type 2 Diabetes Mellitus. Doctor Philosophy.
Serdang: Universiti Putra Malaysia.

37. Ibaneze, J., Izquierdo, M., Arguelles, I., Larrion, J. L., Garcia-Unciti, M., Idoate, M., et al.
(2005). Twice-weekly Progressive Resistance Training (PRT) Decreases Abdominal Fat &
Improves Insulin Sensitivity in Older Men With Type 2 Diabetes. Diabetes Care, 28(3),
662–667.

38. Declaration ofHelsinki. (2008).WorldMedical Association. Retrieved on 27March 2016 from:
http://www.who.int/bulletin/volumes/86/8/08-050955/en/.

39. American Diabetes Association. (2014). Standard of Medical Care in Diabetes.Diabetes Care,
37(1), S14–S80.

40. Simpson, K. A., Mavros, Y., Kay, S., Meiklejohn, J., Vos, N. D., Wang, Y., Guo, Q., et al.
(2015). Graded Resistance Exercise And Type 2 Diabetes in Older adults (The GREAT2DO
study): methods and baseline cohort characteristics of a randomized controlled trial. Simpson
et al. Trials.

http://www.who.int/bulletin/volumes/86/8/08-050955/en/


Level of Stress Between Obese
and Nonobese Malaysians
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Abstract Obesity is the excess of body fat, often resulting in impaired health. For
many years, people have suspected that stress and obesity are linked but since lack
of research, it is not easy to determine the relationship. The aim of this research was
to identify the level of stress between obese and nonobese Malaysians. The sample
of this study consisted of 121, obese (N � 65) and nonobese (N � 56) Malaysians
residing Shah Alam, Selangor. The sample was differentiated between obese and
nonobese based on their Body Mass Index (BMI) result. BMI of 30 kg or more are
classified as obese. The instrument used in this study comprised of a 73-item Stress
Indicator Questionnaire (SIQ). The result showed that the level of stress on obese
higher than nonobese, t (121) � 13.3120, p < .01. Besides that, all the symptoms
of stress including Physical (x̄ � 20.7343), Sleep (x̄ � 19.2987), Behavioural (x̄ �
21.5171), Emotional (x̄ � 23.3312), and Personal Habits (x̄ � 15.4591) were higher
on obese compared to nonobese respondents. Even though the present study showed
that food most probably perceived as a source to reduce stress but obese population
should use other strategies to reduce their stress level than depending solely on food.
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1 Introduction

Several decades in the past media has focused public attention on the food consumed
and its influence on physical and mental well-being [3]. Generally, it is assumed
that obesity result from overeating. Obesity is defined as unhealthy amount of body
fat [10]. Obesity is an abnormal accumulation of body fat, usually 20% or more
over an individual’s ideal body weight [13]. Obesity is the excess of body fat, often
resulting in impaired health. According to Obesity Education Initial Task Force of
the National Institutes of Health and National Heart, Lung and Blood Institutes [14],
overweight and obesity are classified using the body mass index (BMI � weight
kg/height square).

Figure 1 showed that individuals with BMI between 25 and 29.9 kg are classified
as overweight, and those with a BMI of 30 kg or more are classified as obese.

Obesity contributes to the development of multiple chronic diseases. In fact, the
severity of chronic is worst in obese patients. According to the National Heart, Lung
and Blood Institute [14], Gilbert [6] and Kolata [11], obese individuals have a higher
risk of cardiovascular disease, dyslipidemia, hypertension, lipid disorder, coronary

Fig. 1 Classification of BMI
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heart disease, sleep apnea, glucose intolerance, insulin resistance, gallbladder dis-
ease, osteoarthritis, diabetes, high blood pressure, heart disease, and certain types of
cancer.

For many years, countless people have suspected that stress and obesity are linked
but since lack of research, it is not easy to determine the relationship. Hussien and
Hussien [9] defined stress as the situationbywhich an individual suffers fromphysical
and psychological hypertension resulted from factors that cannot be handled and
exceeds human capability to cope. According to Bonnie Taub-Dix in Thompson [17]
stress may lead to inappropriate eating habit, which can cause obesity. Furthermore,
research of Han et al. [8] on a group of nurses showed that nurses who were obese
perceived their career as more stressful compared to nonobese nurses.

According to Van-Strien and Ouwens [18] and Leon et al. [12], stress can make a
person to lose awareness on internal physiological states, which can lead the person
to not only be able to differentiate between hunger cues and emotional arousal. There
are people who eat more when they are in stress or in an emotional situation. Besides
that, people who are identified as “emotional eaters” are more vulnerable to gain
weight compared to nonemotional eaters [4, 18].

According to General Adaptation Syndrome, there are three stages, a person will
go through when experience stress, namely alarm, resistance and exhaustion stage
[1]. In the alarm stage, the person starts to identify the existence of a stressful situ-
ation and represents the body’s initial reaction to stress. During this stage, the body
is simulated for the flight or fight responses and this energizes the body to assemble
its resources to deal with the threat resulting in physiological arousal. If the stress
continues, a person moves from the alarm stage into the resistance stage. The resis-
tance stage is characterized by the body’s reaction to continued stress, when it adopts
strategies to deal with it. It is a stage when arousal is very high and where the per-
son experiencing stress responds to the physiological and psychological aspects of
the stress situations. The reaction to the stressful situation might be in the form of
increasedworry and anxiety (cognitive state anxiety) or increased physiological reac-
tion, such as increased body tension, nervousness, sweating, and heartbeat (somatic
state anxiety). At these stages, for some individuals over eating reduce their stress
and anxiety levels. In other words, overeating may be used as coping strategies to
fight with the stress situation.

Figure 2 shows a comparison of obese population among Asian countries, high-
lighted that Malaysia has the highest number of obese compared to Thailand, Singa-
pore, Taiwan, Japan, Philippines, Indonesia, and Vietnam. In Malaysia, overweight
and obesity prevalence were 41.1 and 14.4% [19].

The major question that has been asked in research on stress and eating is whether
stress increases, decreases or produces no changes in eating behaviours. Therefore,
the aim of this researchwas to identify the level of stress between obese and nonobese
Malaysian. In other words, this study aims to find out whether stress can be a factor
for overweight among Malaysian.
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Fig. 2 Comparison of overweight percentage among Asian Countries

2 Method

The sample of this study consisted of 121 respondents, with obese (N � 65) and
nonobese (N � 56). The sample was recruited from the district of Shah Alam,
Selangor, Malaysia. The samples were differentiated between obese and nonobese
based on their BMI result as below:

BMI Categories:
Underweight � <18.5
Normal weight � 18.5−24.9
Overweight � 25−29.9
Obesity � BMI of 30 or greater.

The instrument used for this study comprised of a 73-item Stress Indicator Ques-
tionnaire (SIQ). The questionnaire measured five kinds of stress symptoms, which
include physical (21 item), sleep (5), behavioural (17 items), emotional (21 items),
and personal habit (9 items).

3 Result

3.1 Profile of the Respondents

Frequency, percentage, mean, and standard deviation are presented in Table 1, which
shows the overall results of the obese and nonobese respondents’ profile. The profile
of the respondents described the ethnics, gender, and age. There were 65 obese
and 56 nonobese respondents participated in this study. There were 41 male and 80
female respondents. Based on the ethnic, 51 Malays, 38 Indians, and 32 Chinese
respondents.
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Table 1 Profile of the obese and nonobese respondents

Variables Frequency Percentage Mean SD

Ethnics

Malay 51 42.15

Indian 38 31.40

Chinese 32 26.45

Gender

Male 41 33.88

Female 80 66.12

BMI Categories

Normal weight 56 46.28

Obesity 65 53.72

Age

Male 57.11 2.52

Female 59.45 2.47

Overall 60.16 2.31

Table 2 Cronbach reliability
coefficients

Factors Cronbach’s Alpha (n � 121)

Physical indicator 0.8612

Sleep indicator 0.8713

Behavioural indicator 0.8799

Emotional indicator 0.8811

Personal indicator 0.8717

The mean age for overall respondents was 60.16 years old. The age of male varied
from 45 to 65 years, where the mean age was 57.11 years old. The age of females
ranged from the minimum of 40 to the maximum of 63 years old. The mean age for
female respondents was 59.45 years old.

3.2 Cronbach Reliability Coefficients

Stress Indicator Questionnaire (SIQ), which consists of physical, sleep, behavioural,
emotional, and personal habits, was used in this study. Cronbach alpha was found
ranging from 0.86 to 0.88 (Table 2).
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Table 3 Stress mean of
obese and nonobese

Stress indicator Mean

Obese Nonobese

Physical 20.7343 12.3172

Sleep 19.2987 17.7121

Behavioural 21.5171 16.3917

Emotional 23.3312 14.0010

Personal 15.4591 11.3261

Table 4 Level of stress Subject Mean t-Value P-Value

Obese 20.0681 13.3120** 0.000

Nonobese 14.3496

** p< .01

3.3 Mean of Stress Indicator Between Obese and Nonobese

Stress indicator items were evaluated, emotional symptoms have the highest mean
(x̄ � 23.3312) on obese, while sleep symptoms (x̄ � 17.7121).

3.4 Level of Stress Between Obese and Nonobese

Table 3 shows the t test scores for the level of stress between obese and nonobese, t
(121) � 13.3120, p < .01 (Table 4).

4 Discussion

Comparison of mean between obese and nonobese showed that all the symptoms
were higher in obese compared to nonobese. This showed that the obese population
has a tendency of high-level stress in all the stress symptoms. The physical symp-
toms associated with stress include the experience of nervousness, sweaty palms,
chronic headaches, muscle tension, and feeling of butterflies in the stomach. The
sleep symptoms of stress include take pills to get to sleep, experience nightmares,
and tiredness. The behavioural symptoms of stress include drinking alcohol, use
drugs, and eat while doing activities. The emotional symptoms of stress include lack
of relax, worry, and emotion not stable. The personal habit includes religious belief,
lack of time for entertainment and could not release stress.

Food and drink are necessary to sustain life. However, for the vast majority of peo-
ple, interaction with food is pleasurable and a source of relief from daily stress [3].
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The level of physical, behavioural, and emotional symptoms of stress is perceived
to lower by eating large amount of food. Research on eating behaviour showed that
people tend to be calm and less emotional after overeating. People are typically alert
and irritable when hungry and calm and sleepy when full [5]. According to Steiner
[16], pleasure gain from eating food positively affect emotional. This study gains
support from the research done by Pecoraro et al. [15] on rats showed a significant
decreased in the level of stress hormone immediately after consuming food. There-
fore, most probably the present research indicated that obese people use eating as a
coping strategy to reduce their stress level. In other words, whenever obsess got into
stress, they eat frequently or in large amount to reduce the level of stress.

The majority of early work on stress–eating relationships investigates the Gen-
eral Effect Model [3]. This theory assumed that stress produces a general response
to eating. In other words, stress produces physiological changes in the organism
and these change the eating behaviour. Research in this paradigm has particularly
focused on animal research. In an experimental study, rats have been pinching their
tails and observed significant increases in licking and eating food [2]. Tail pinch-
ing in this experiment was considered as represent stress-induced eating. In other
studies, experiments were also done using electric shock and cold water as stressors.
These studies also support the General Effect Model [3]. The General Effect Model
principally assumes that stress produces a physiological or biological change that in
turn causes a change in eating.

Moreover, a few studies indicated that overweight individuals were more likely
to respond stressful or emotional stimuli by eating. Out of 11 studies reviewed by
Greeno and Wing [7], three demonstrated an increase in eating for obese individuals
when stress compared to nonobese. However, five further studies failed to find a
relationship between stress and eating in obsess individuals. Stress is assumed to
lead to increased eating in emotional eaters because they fail to distinguish between
hunger and anxiety [3].

5 Conclusion

The present study showed that the symptoms of stress include physical, sleep,
behavioural, emotional, and personal habit, were higher on obese compared to
nonobese respondents. It is recommended for obese Malaysian to take balanced
diet, as shown in this diagram. For every 3500 kcal of excess energy accumulated,
1 lb (0.45 kg) of fat is stored in the body. Therefore, consuming less fat meal or
healthy daily diet is very important for obese (Fig. 3).

Most probably obese population should use other strategies to reduce their stress
level than food. If obese could not avoid eating large amount of food to reduce their
stress, they should replace it with low-calorie or vegetarian food. In fact, diets rich
vegetables and fruits lower blood pressure and decrease the risk of heart attack,
stroke and certain types of cancers. Besides that, obese individuals should take part
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Fig. 3 The recommended healthy daily diet

in physical activity, not only to reduce their level of stress but also to prevent disease
related to obese. Physical activities tend to increase metabolic rate, which is very
important to cut down the accumulated excessive calories in the body.
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Relationship Between Launch Angle
and Ball Distribution of Kuda Kick
in Sepak Takraw Service

Shariman Ismadi Ismail, Nabilah Husna Mohd Zani
and Norasrudin Sulaiman

Abstract Service is an important move in the sepak takraw sport. A study to observe
the relationship between the service ball’s launch angle and ball distribution in the
opponent’s area in real sepak takraw match situations was carried out. Video anal-
yses were performed on 10 experienced national university level servers (age �
21.61 ± 2.0 years; height � 1.71 ± 0.04 m; mass � 73.70 ± 10.17 kg). All videos
were recorded during an inter-university sports tournament, starting from the group
match, until the final match of the competition. The analyses focused only on the
‘Kuda Kick’ service technique. In order to analyze ball distribution during serve, the
serve’s receiving side of the court was categorized into nine zones (zone A–I). A
high definition video camera was utilized to record the entire two-sided court area
from a sagittal plane view. The serve launch angles were then obtained from video
analysis. It was identified that there were 7 ranges of launch angles during service.
The results indicated that the highest ball distribution is in zone F (26.6%), followed
by zone B (24.8%) and zone E (17.8%); whereas the lowest ball distribution is in
zone G (1.0%). In terms of the serve launch angle, the highest distribution is at a
range of 1–10°(42.2%), and 11–20°(36.0%). Based on these 2 launch angle ranges,
range 1–10° recorded 31.27% ball distribution in zone B, and 24.17% in zone F. The
launch angle of 11–20° was mostly distributed in zone F (32.22%), followed by zone
B 20.56%. The results indicated that high ball distribution area created a ‘T-Zone’ in
the court area. This study also shows that there was a moderate correlation between
serve launch angle and ball distribution area (r � 0.374; p < 0.05).

Keywords Video analysis · Sepak takraw · Launch angle · Service
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1 Introduction

Sepak takraw is a kicking sport that is categorized as a difficult net barrier attributable
to its essential acrobatic twists, quick reflexes, turns or flip, and agile human body
ability. Sepak takraw is a fast-moving sport that requires skills in running, spiking,
kicking, and passing. Serving movement in sepak takraw is considered the most
important move as a point-gainer [1]. The sepak takraw player must jump parallel
or higher than a net that is 5 feet in height so that they can make a sepak sila service,
or even block the ball.

The typical serves that are performed in the takraw game are Kuda Kick service
and Sila Kick service. The Kuda Kick service is performed by using the instep of
the foot, and Sila Kick service is performed by using the inside of foot [1]. Sila Kick
service is a traditional serve that is used before Kuda Kick serve was introduced
during the 18th SEA Games in Chiang Mai in 1995. They are nowadays applied by
most elite sepak takraw athletes.

Trajectory can be described as the path that a moving object follows [2]. The
objects are thrown horizontally. Every server has a different trajectory of the ball
during serve the ball. There are a few factors that influence the outcome of the ball,
namely, lower body power and strength, body fitness, current and past injury, level of
concentration, level of serve a skill, angle of hip flexion during performed serve, and
foot-to-foot distance. The trajectories of ball and players express tactic information;
the trajectory analyses are essential for the sepak takraw tactical analysis [3]. This
study focuses on one of the sepak takraw ball trajectories component during Kuda
Kick serve: the launch angle of the ball.

2 Method

2.1 Participants

The movement of 10 experienced national university level servers was recorded
(age � 21.61 ± 2.0 years; height � 1.71 ± 0.04 m; mass � 73.70 ± 10.17 kg). All
videos were recorded during an inter-university sports tournament, starting from the
group match, until the final match of the competition

2.2 Instrumentation

The analyses focused only on the Kuda Kick service technique. A high-definition
video camera at 50 fps was located 7.5 m from the center of the court, to record the
entire two-sided court area from a sagittal plane view. The camera height was set at



Relationship Between Launch Angle and Ball Distribution of Kuda … 71

Fig. 1 Camera setting

3 m [4]. The camera was positioned at a 58° slant to obtain an optical intersection at
the center of the court (Fig. 1). The camera setting parameters were set to obtain a
calibrated region of the court size [4].

2.3 Procedures and Analysis

In order to analyze ball distribution during a serve, the serve’s receiving side of the
court was categorized into nine zones (zone A–I), as shown in Fig. 2.

The serve launch angles were then obtained from video analysis using Kinovea
Motion Analysis Software (v0.8). The launch angles were then categorized into nine
ranges of angles: 1 (0° to 10°), 2 (11° to 20°), 3 (21° to 30°), 4 (31° to 40°), 5 (41°
to 50°), 6 (51° to 60°), 7 (−1° to −10°), 8 (−11° to −20°) and 9 (−21° to −10°).

Fig. 2 Receiving side court
zone
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Fig. 3 Serve launch angle
ranges

Fig. 4 Ball distribution zone

3 Results and Discussion

The results indicated that the highest ball distribution is in zone F (26.6%), followed
by zoneB (24.8%) and zone E (17.8%); whereas the lowest ball distribution is in zone
G (1.0%). In terms of the serve launch angle, the highest distribution is at range 1
(42.2%) and range 2 (36.0%). Based on these 2 launch angle ranges, range 1 recorded
31.27% ball distribution in zone B, and 24.17% in zone F. Launch range 2 is mostly
distributed in zone F (32.22%), followed by zone B (20.56%). The overall results
are shown in Figs. 3 and 4. Here, we can observe that the highly targeted zone by
the servers created a ‘T-Zone’ in the court, as shown in Fig. 5. The study also shows
that there is a moderate correlation between serve launch angle and ball distribution
area (r � 0.374; p < 0.05).

4 Conclusion

We can conclude that the ball’s launch angle and distribution area are correlated
with each other. This indicates that servers tend to maintain their serve parameters as
well as the target area of ball placement. The launch angle of the ball gives a specific
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Fig. 5 T-Zone: high ball
distribution area

court zone for the ball to be distributed, as shown based on the T-Zone. However, this
study did not consider other ball trajectories components such as ball velocity and the
foot-to-ball contact’s relative height. Therefore, further analyses that integrate with
other trajectories components must be performed in order to better understand this
study. The combined information of the opponent ball’s launch angle and velocities
behavior could help a sepak takraw team to make improvement in their strategies
and game plans.
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A Study of New Regime Interval Training
Exercise on Obesity Management Among
Sedentary Overweight Working Women

Mastura Johar, Rogemah Ramli, Rozita Abd Latif and Ahmad Termizi

Abstract The purpose of this investigation is to evaluate the effect of 12 weeks of a
new regime interval training exercise, an intervention in the treatment of obesity diag-
nosis among overweight sedentary working women in Universiti Tenaga Nasional.
The new regime interval training exercise program is a combination of aerobic dance
activity, circuit training, and interval training which improvise own body weight. It
combines physical training that includes alternating of low and medium intensity
of exercise workout which involves a physical conditioning training with medium
volume and low resistant of training with a short rest time suitable for sedentary and
overweight individuals. Forty subjects between the ages of 25–55 years old have
had a diagnosis as sedentary, overweighted, and had a fitness score below the mean
value. Subjects were randomly assigned to 12 weeks of either new regime interval
training exercise program as a treatment group or an aerobics dance exercise as the
control group. A pretest–posttest control research design was utilized. Both groups
met for 50 min, three times per week for a total of 36 sessions. Statistical analysis
includes (group x time) paired t-test and independent sample t-test was used to deter-
mine between and within group mean differences. Results suggested that subjects
in the treatment of new regime interval training experienced positive improvement
in obesity diagnosis after 12 weeks of treatment within the group effect p < .05.
Results for obesity diagnosis were, BMI (mean pre: 30.57, mean post: 29.24), PBF
from (mean pre: 43.52, mean post: 43.00), WHR (mean pre: .928, mean post: .924),
and SMM (mean pre: 23.23, mean post: 23.32). Therefore, it was concluded that
the intervention of a new regime interval training exercise exercise program had
improved obesity diagnosis, after 12 weeks of treatment and contributed to positive
findings among overweight sedentary women in higher education organization in
Malaysia.
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1 Introduction

Nowadays, obesity issues are faced by adults associated with physical inactivity and
unhealthy diet, resulting in high level of stress and poor physical health [1]. Obesity
is considered as worldwide pandemic. It has become a major health problem in
some developed countries such as the United State of America and Great Britain,
[2] also poor country such as South Africa [3]. Further, developing country such as
Malaysia is facing the obesity problem too [4]. According to theMinistry of Health in
2006, about 70% ofMalaysian adults are not physically active and practice sedentary
lifestyle [5]. Obesity contributed to a negative effect on individual appearance and
attractiveness to both man and women [6]. Malaysia Ministry of Health [7] has
been seriously considered specifically on non-communication disease (NCD) such
as cardiac disease, cancer and diabetes are occur due to the unhealthy lifestyle leading
to obesity and overweight problems. Obesity is when an individual weight is 20%
higher than their recommended weight. In 2006, about 43% of Malaysian adults
were categorized as overweight and obese which indicates that Malaysians include
passive and non-active citizens [8]. The modern lifestyle with modern technology
facilities had turnedmany individuals become inactive thus; it leads to the overweight
and obesity. Obesity problem occurs due to an imbalance in the energy intake and
expenditure by the individuals. It is proven that excessive energy intake will lead
to the formation of fatty tissues that cause obesity. Obesity can be classified into
several parts according to body mass index (BMI); BMI of 25.0–29.9 is categorized
as overweight, BMI of 30–34.9 is categorized as Obese Class 1, BMI of 35–39.9 is
categorized as Obese Class 2 and BMI of 40 and above is categorized as Obese Class
3 [9]. Current obesity issue inMalaysia is critical asmanyMalaysian individuals who
are focusing on job and trying to comply on archiving their employer and company
target. They have less time to rest, sleep, and practice balance diet in their daily life,
while in free time they spend their time by watching television, using smart phone
application and playing computer game [10], instead of involving in physical activity

A large amount of money have been spent on health care in the regards to this
obesity problem. There are many types and designs of training programs which have
been createdbyphysical trainers and recommended to the obese population in order to
reduce the rate of obesity inMalaysia. Disappointingly, these kinds of protocols have
led to negligible weight loss [11, 12]. Thus, exercise protocols that can be carried out
by overweight, inactive individuals thatmore effectively reduce body fat are required.
Accumulating evidence suggests that a combination of aerobic dance activity, circuit,
and interval training that improvise own body weight during the exercise program
has the potential to be an economical and effective exercise protocol for reducing fat
of overweight individuals. Therefore, the purpose of this investigation is to evaluate
the effects of a 12 weeks of a new regime interval training exercise intervention
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in the treatment of obesity diagnosis among sedentary overweight women. Most
exercise protocols designed to induce fat loss have focused on regular steady-state
exercise such as walking and jogging at a moderate intensity. For optimum health
and fitness target in exercise program, it should involve both aerobic and resistance
training exercises [13]. A research by [14] showed that by doing aerobic exercise
regularly, there will be a positive influence onmental health and reduces the affecting
states. A study by [15] showed that aerobic exercise will increase satiety compared to
resistance exercises. Other than that, aerobic dance also had been proved to improve
neuro-cognitive functions for the elderly and exercise with coordination can also
improve attention ability [16].

2 Method

The study is to observe any beneficial effects of the new regime interval training
exercise on 20 subjects experienced sedentary lifestyle and overweight. The research
design used in this study is a quasi-experimental design, pretest and posttest control
group designs. Quasi-experiment design provides as much control as possible [17,
18]. One of the strongest andmostwidely used quasi-experimental design,whichwill
differ from other experimental design because treatment and control groups are not
equivalent. Comparing pretest results will indicate degree of equivalency between
treatment and control group [19]. This experimental research attempts to manipulate
the independent variable and study the effect of this manipulation or treatment on the
dependent variable [20]. Obesity was diagnose measuring four parameters namely:
body mass index (BMI), waist-hip ratio (WHR), percent body fat (PBF), and skele-
tal muscle mass (SMM). A pretest was administered to all subjects of this study
to measure and diagnose obesity parameters before treatment condition was intro-
duced. However, a takeoff pretest was administered to gauge subjects with having
sedentary lifestyle and overweight. Subjects were randomly assigned to a 12-week
Baton Dance exercise intervention or aerobics dance exercise as the control group.
A pretest–posttest control research design was utilized. 20 subjects were measured
again at week 12 after the treatment is given [21]. INBODY machine measure obe-
sity diagnosis. Subjects were required to participate in 36 sessions, for 60 min each
session, 3 times per week for 12 weeks period working at 60% to 70% of maximum
training heart rate. It is gauged by comparing the differences between pretest and
posttest scores of the intervention group with that of the control group. Their level
of both measurements (obesity) was measure at posttest after the 36 session at week
12 to determine the effect of the intervention program on the dependent variables.
Figure 1 shows the treatment assignment and the pretest–posttest design used in this
research study.
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QUASI-EXPERIMENTAL DESIGN, PRE-TEST AND POST-TEST  CONTROL 
GROUP DESIGNS

GROUP 1
(TREATMENT)      

(n=20)

GROUP 2
(CONTROL) 

(n=20)

PRE-TEST                    POST-TEST
Week 1                     Week 12 
Session 1                   Sessions 36

Measure 1               Measure 2              

1. Obesity Diagnosis
(BMI,SMM,WHR & PBF)

2. Demographic Information
(Age, Occupation, Marital Status, Ac-

ademic, Qualification)
3. Par-Q Test – Health Stage        

2. Attendance
4. Consent

5. Attendance

Type:  
New regime interval 
training exercise 

Training Heart Rate:
60-70% THR 

Music Tempo Range:
120-130 BPM

Type: 
Aerobics Dance
Exercise 

Training Heart Rate:
60-70% THR 

Music Tempo Range:
   135 -145 BPM

Fig. 1 Research design

3 Results

3.1 Descriptive Data Analysis

The results obtained from the preliminary analysis of the frequency distribution are
shown in Table 1. Twenty subjects were assigned in the treatment group and 20 were
in the control group. Before the statistical analysis was done, the respondent profile
data was examined. As depicted in Table 1. 20% subjects were married, 12% were
not married 8%were divorced. Age group was categorized according to three ranges
where results indicate that age range 25–35, 30%, age 36–45 were the majority sub-
jects, 45% and age range of 46–55, 25%. From the total number of subjects involved
in this research, 30% were Academician/Managerial, 35% were Administrator, and
35%were Support Staff. Subjects with Ph.D./Masters were 27.5%, Degree was 20%,
Diplomawas 25.0%, andSPM/MCEwas 27.5%.Majority of the subjectswereMalay
77.5%, while only 15% were Chinese and 7.5% were Indians. In addition, since the
analysis of the comparison involved two independent samples, the normality of the
data distribution and equality of group variance were assessed before the parametric
statistics were used in the analysis. Whether or not the normality of a distribution
is rejected will depend on the ratio of skewness and kurtosis to its statistic standard
error. Results show that all the dependent variables that were examined and the ratio
of skewness and kurtosis on their respective statistic was within the range of −2.00
to+2.00 (refer to Table 1). Therefore, parametric statistical analyses were used in
this study.
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Table 1 Frequency distribution of subject is age category,marital status, job category and academic
level, and races

Variables Frequency % Skewness Kutosis

Age (years)

25–35 17 29.3 .550 1.06

36–45 15 25.9 .580 1.12

46–55 8 13.8 .752 1.48

Marital status

Single 10 17.2 .687 1.33

Married 25 43.1 .464 .902

Divorce 5 8.6 .913 2.00

Job category

Academician 14 24.1 .501 .972

Administrator 3 5.2 – –

Support staff 21 36.2 .597 1.15

Others 2 3.4 – –

Academic level

Ph.D. Masters 12 20.7 .913 2.00

Degree 11 19 .637 1.23

Diploma 12 20.7 .661 1.27

SPM/MCE 5 8.6 .637 1.23

Race

Malay 31 77.5

Chinese 6 15

Indian 3 7.5

3.2 Statistic Data Analysis Obesity Diagnosis

In response to the research question:
To investigate the difference between the experiment (New regime interval train-

ing Exercise) and control group (aerobics dance) in terms of the difference between
pretest and posttest scores on obesity diagnosis namely BMI, PBF,WHR, and SMM.

A paired t-test was conducted to evaluate the impact of the intervention on partic-
ipant obesity diagnosis. There was a statistical significant improvement in all obesity
diagnosis except for SMM. There was a statistical significant decrease in BMI during
pretest (M � 30.57, SD � 5.04) to posttest (M � 29.82, SD � 5.03) t (39) � 1.17, p
< .05. There was a statistical significant decrease in PBF during pretest (M � 4.352,
SD � 5.17) to posttest (M � 43.00, SD � 5.55) t (39) � .984, p < .05. There was
a statistical significant improvement in WHR during pretest (M � .928, SD � .051)
to posttest (M � .924, SD � .052) t (39) � .0073, p < .05. However, there was no



80 M. Johar et al.

Table 2 Results of paired t-test during pretest and posttest on obesity diagnosis

Obesity diagnosis N Mean SD t df

Body Mass Index (BMI) 40 Pre 30.572 5.0426 4.402 3

Post 29.243 5.0648

Percent Body Fat (PBF) 10 Pre 43.525 5.1732 .984 39

Post 43.000 5.5524

Waist-Hip Ratio (WHR) 40 Pre .9287 .05195 .07 39

Post .9245 .05238

Skeletal Muscle Mass (SMM) 40 Pre 23.235 3.045 −.48 39

Post 23.320 2.730

statistical significant improvement in SMM during pretest (M � 23.23, SD � 3.045)
to posttest (M � 23.32, SD � 2.73) t (39) � .486, p > .05. Table 2 described the
results clearly.

Further to that, comparisons between the two groups were made using an
independent- sample t-test to compare the obesity diagnosis namely BMI, PBF,
WHR, and SMM scores during week 1 and week 12 between treatment and control
groups. Results indicate during week 1, there was no significant difference in all the
obesity diagnosis variables for treatment and control groups. BMI (M � 30.47, SD�
4.568), and control group (M � 30.68, SD � 5.59); t (38) � −.127, p > .05, PBF
(M � 43.40, SD � 5.37), and control group (M � 43.65, SD � 5.098); t (38) � −
.151, p > .05. WHR (M � .928, SD � .0492), and control group (M � .929, SD �
.0558); t (38) � −.0306, p > .05 and SMM (M � 23.30, SD � 3.031), and control
group (M � 23.17, SD � 3.136); t (38) � .133, p > .05. Further to that, at week 12
during posttest, it was reported that there were no significant differences in all scores
for both the treatment group and control group. BMI (M � 29.12, SD � 4.21), and
control group (M � 30.52, SD � 5.76); t (38) � −.873, p > .05, PBF (M � 42.80,
SD � 5.37), and control group (M � 43.20, SD � 5.301); t (38) � −.225, p > .05.
WHR (M � .923, SD � .0489), and control group (M � .926, SD � .0568); t (38) �
−.119, p > .05 and SMM (M � 23.64, SD � 2.827), and control group (M � 23.01,
SD � 2.664); t (38) � .725, p > .05. Table 3 described the results clearly.

3.3 Discussion on Obesity Diagnosis Effect

This study produced results which corroborated the findings of a great deal of the
previous work in this field [22, 23]. A study by [19] examined the effects of aerobics
exercise and interval training on bodymass index on two different 15-week treatment
on various fitness parameters in females. However, results of the present study did
not show a significant difference between the treatment and control groups. Some-
how both groups improved in all the obesity diagnosis namely: BMI, WHR, and
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Table 3 Independent—sample t-test results on obesity diagnosis scores between treatment and
control groups

Var N M SD t df p Mean
differ

Pretest

BMI Treat 20 30.4 4.568 −.12 38 .130 −.205

Cont 20 30.6 5.594

PBF Treat 20 43.4 5.376 −.15 38 .971 −.250

Cont 20 43.6 5.098

WHR Treat 20 .928 .0492.05 .03 38 .464 −.0005

Cont 20 .929 58

SMM Treat 20 23.3 3.031 .13 38 .820 −1.395

Cont 20 23.1 3.136

Posttest

BMI Treat 20 29.1 4.21 .87 38 .074 −1.395

Cont 20 30.5 5.76

PBF Treat 20 42.8 5.923 −.22 38 725 −.400

Cont 20 43.2 5.301

WHR Treat 20 .923 .0489 −.11 38 .342 −.002

Cont 20 .925 .0568

SMM Treat 20 23.6 2.827 .72 38 .992 .1300

Cont 20 23.0 2.664

PBF except for SMM after the treatment. It seems possible that these results are due
to both the intervention group and control group having experienced aerobics dance
program but with a different approach, intensity and impact. These findings further
support the idea of the thesis by [24] Dance for Health, an intervention program
designed to provide an enjoyable exercise program for African American and His-
panic adolescents. It had a significant effect on improving aerobics capacity, helping
studentsmaintain or decreaseweight, and improving attitudes towards physical activ-
ity and physical fitness. In the first year of the program (1990–91), approximately
110 boys and girls aged 10–13 years participated in an aerobics dance pilot program
three times per week for 12 weeks. Dance for Health was revised and continued in
the 1992–93 school years with seventh grade students and an added culturally sen-
sitive health curriculum. Forty-three students were randomly delayed to Dance for
Health and 38 to usual physical activity. Those in the intervention class received a
health education curriculum twice a week and a dance-oriented physical education
class three times a week. The usual physical activity consisted mostly of playground
activities. Students in the intervention had a significantly greater lowering in body
mass index and resting heart rate than students in regular physical activity and the
results supported the present study.

The findings of the present study are also important and supported [22] examined
on the short and long-term changes in BMI and body composition, produced by diet
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combined with structured aerobics exercise. Sixteen-week randomized controlled
trial with a 1-year follow-up, forty obese women (mean bodymass index 32.9 kg/m2;
mean weight, 89.2 kg) with a mean age of 42.9 years (range, 21–60 years) improved
their BMI with a structured aerobics exercise or with the combination of low-fat diet
of about 1200 kcal.

4 Conclusion

The findings of the study revealed that subjects of sedentary and overweight women
in Universiti Tenaga Nasional showed statistically significant main effects on the
dependent variables on obesity diagnosis p < .05, after undergoing a treatment of
baton dance (treatment group) and aerobics dance (control group) for 12 weeks.
In addition, the obesity diagnosis on all variables experience significant difference
except for SMMvariable, examination suggests that there was not statistically signif-
icant main effect on dependent variable of SMM variables during pretest to posttest
between treatment and control group. Results of independent t-test suggest that there
was no significant difference in both treatment and control groups on the obesity diag-
nosis, this interaction effect indicates that the difference between the experiment and
control group on the linear combination of all dependent variables were different at
pretest (week 1) than it is at posttest (week 12). Examination of the means suggests
that this is because groups do not differ on either dependent variable at the time of the
pretest, but they do differ, particularly on all the dependent variables at the time of the
posttest (week 12) significantly. In addition, examination of the means suggests that
there was a change in the posttest (week 12) outcomes held for both the treatment
and control groups. Therefore, the new regime interval training exercise seems to
be an efficient means of exercise to help decrease percent body fat (PBF), waist-hip
ratio (WHR), and body mass index (BMI). Traditionally, resistance training often is
performed separately from aerobic training typically on two or three nonconsecutive
days each week. The American College of Sports Medicine (ACSM) recommends
8–12 repetitions of a resistance training exercise for each major muscle group at an
intensity of 40–80% of a one-repetition max (RM) depending on the training level
of the participant. Two to three minutes of rest is recommended between exercise
sets to allow for proper recovery. Two to four sets are recommended for each muscle
group. While standard guidelines for aerobic training recommend 150 min per week
of moderate intensity exercise for 30–60 min per session and/or 75 min per week of
vigorous intensity exercise (64–90% V˙O2max) for 20–60 min per session [25].

In conclusion, the new regime interval training exercise produces significant
increases in aerobic and anaerobic fitness and brings about significant skeletal mus-
cle adaptations that are oxidative and glycolytic in nature. The effects of the new
regime interval training exercise on subcutaneous and fat loss are promising but
more studies using overweight individuals need to be carried out. Given that the
major reason given for not exercising is time [26], it is likely that the brevity of the
new regime interval training exercise protocols should be appealing to most indi-
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viduals interested in fat reduction. The optimal intensity and length of the circuit
and rest periods together with examination of the benefits of other the new regime
interval training exercise modalities need to be established. The new regime interval
training exercise has provided an effective and efficient program for sedentary and
obese individual, and it uses a program with a combination of aerobic dance activity,
circuit, and interval training that improvise own body weight during the exercise
program. Individuals who were previously sedentary and overweight believed that
they did not have the time for exercise can now trade total exercise time for total
exercise effort and get similar or better health and fitness benefits. Recovery is the
best indication of fitness, and the new regime interval training exercise which is
the combination of aerobics, circuit and interval dramatically improve recovery and
the new regime interval training exercise exercise has improved the sedentary and
overweight individuals physiologically and psychologically well-being and lifestyle.
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Real-Time Soccer Team Monitoring
for Indoor Training Using Wireless Local
Area Network

N. Effiyana Ghazali, M. A. Baharudin and S. K. S. Yusof

Abstract Match congestion in elite soccer results inmuscle fatigue and underperfor-
mance on the next coming game. Recently, researchers are proposing on monitoring
soccer players using technology to overcome this problem. Existing monitoring sys-
tems that utilizes Wireless Local Area Network (WLAN) is lacking. Most of the
current monitoring systems use Global Positioning System (GPS); GPS is not accu-
rate to use for indoor purposes. Therefore, in this work, WLAN monitoring system
is proposed to be used for indoor soccer training. Each player has a sensor and the
sensor is connected wirelessly to the Access Point (AP) for real-time data transmis-
sion. Data transmission for four scenarios which are standing, walking, jogging and
running will be investigated in terms of packet delay and packet loss.

Keywords Indoor ·Monitoring system · Real-time data · Soccer · Training

1 Introduction

InMalaysia, contemporary elite soccer should be able to compete in up to 30matches
per season with an average of one to two match(es) a week [1]. This congested
schedule for an elite team is mainly due to their involvement in both domestic as
well as international leagues. This scenario increases the possibility ofmuscle fatigue
and injuries, which will degrade the performance of the players for future games
[2–4]. Thus, monitoring the player’s condition is paramount in order to maintain the
player’s fitness, recovery state and performance whilst minimizing muscle fatigue
and injuries.

Currently, there are many off-the-shelf (OTS) devices available for monitoring.
Some of them such as Acentas team monitoring system, Activio Sport System,
POLAR Team2 Pro and Suunto Pro Team Pack have been studied in [5]. However,
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among the tested products, only one offers data transmission over WLAN. Their
study includes the hardware and software design, measurement accuracy and price
of the devices. However, there is no mention of the device performance on the data
transmission performance over WLAN when the players are moving. This informa-
tion is very important, especially, for real-time monitoring. Thus, the research in this
paper considers this issue.

Besides that, most of the existing models and studies [4, 6, 7] only considers out-
door training which highly depends on location tracking via GPS. Nevertheless, GPS
has poor accuracy when tracking subjects that are moving indoors. Thus, an alter-
native method is needed in order to resolve this issue. In summary, the contributions
of this manuscript are analysis on the data transmission performance via WLAN for
mobile players.

The rest of this paper is as follows: Sect. 2 discusses the most related works. In
Sect. 3, the proposed method will be disclosed continued by the future works in
Sect. 4 and the conclusion in Sect. 5.

2 Literature Review

Garcia et al. [6] proposed an approachwhere the nodes on the players become aWSN
node themselves and the information collected aremulti-hopped via the nodes of both
teams in the field. This approach is able to minimize the load for each node. This
approach can lessen the load on the nodes. However, the security and the reliability
of the packets sent can be compromised and can be easily attacked.

Gaudino et al. [7] on the other hand proposed an improved method that reduces
the WSN nodes power consumption by utilizing a fatigue-based threshold to trigger
information transfer to indicate that the player is fatigued. This method can further
reduce the transmission occurrence and implicitly reduce the nodes power consump-
tion. However, using this approach data is transferred only when the players’ fatigue
level exceeds the threshold. This drastically reduces the obtainable information that
can be used to detect the fatigue level in detail and can be used for future reference.
Thus, research wise, this approach is unfavourable.

Furthermore, both methods only consider the communication for the outdoor
scenario. Therefore, in this study, a new approach that can resolve the existing issues
with consideration on the indoor scenario will be developed and discussed in the
next section.

3 Proposed Method

In general view of our proposed method, a player is wirelessly connected to the
Access Point (AP).Then, the AP is connected to the network and the fitness coach
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Player

AP

Cloud/
Internet

Coach

Fig. 1 The overall system architecture

can receive and view the data sent by the sensor in real-time using their smartphone
or laptop. The general architecture is shown in Fig. 1.

In this experiment, data transmission for four scenarios will be investigated which
arewhen the players are standing,walking, jogging and running. The speed between 0
and 0.7 km/h is considered as standing, speed between 0.7 and 7.2 km/h is considered
as walking, speed between 7.2 and 14.4 km/h is considered as jogging and speed
between 14.4 and 19.8 km/h is considered as running [8]. The standing position is
shown in Fig. 2. The size of the field is followed as in [9].

As can be seen in Fig. 2, there is one AP located 20 m away from the field and
six Relay Nodes (RNs) is tabulated near the field. RN is used to receive the data
from the sensor and send to the AP before AP can send the data to the cloud. This
is because the sensor does not have enough power to send directly to the AP. The
detailed architecture is shown in Fig. 3.

The player mobility pattern (walking, jogging and running scenario) for experi-
mental purposes is shown in Fig. 4, where the players will move in a straight line.

4 Future Work

The scenarios will be simulated using OMNeT++. From the simulation, data trans-
mission will be analyzed based on packet delay and packet loss for four different
scenarios as discussed before. After that, the real experiment will be conducted in
indoor stadium and the results will be compared.
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Fig. 4 Walking, jogging and running scenarios

5 Conclusion

In this paper, we present a WLAN indoor monitoring system to support the soccer
team that wants to have indoor training during bad weather. In our system, the sensor
attached to the player is connected wirelessly. The data sent from the sensors are
relayed to the AP before it is sent to the cloud. Coach or fitness coach will be able to
view the data in real time. The data transmissionwill be investigated in four scenarios
which are when the players are standing, walking, jogging and running. In the future,
simulation will be done using OMNeT++ before conducting a real experiment.
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The Differences in Selected Performance
Indicators Among Top Four and Bottom
Four Teams in MASUM Rugby Sevens
Tournament

Ahmad Naim Ismail, Siti Hartini Azmi and Norasrudin Sulaiman

Abstract This study aims to investigate the differences in selected performance
indicators among the top four and bottom four teams who participate in MASUM
2015 Rugby 7s tournament. The data was collected from eight teams, namely the
top four and bottom four teams, which are competed in the stages of grouping,
quarterfinal, semifinal, and final, for this tournament. A total of 15 performance
indicators were selected as the variables for this study. Descriptive and inferential
statistics were employed to analyze the data. The results show that there exists a
significant difference among the top four and bottom four teams for the performance
indicators of (tackles missed, p� 0.02; conversion kick in, p� 0.02; conversion kick
out, p � 0.02; try, p � 0.03; and maul, p � 0.03). The others performance indicators
in this study show no significant difference among the top four and bottom four
teams. The results presented in this study might be useful as a reference for coaches
in designing training programs for the next MASUM Rugby Sevens tournament.

Keywords Performance analysis · Performance indicators · Rugby 7’s
Top-bottom team characteristics

1 Introduction

Performance analysis is widely applied in sports, especially for team sports, to ana-
lyze the performance and weaknesses of the team itself, as well as the opposing
team. Performance analysis can be carried out by manually observing a live match,
with notational analysis, or by using computerized analysis with video as support. A
video is the best evidence for performing the analysis, which can convince the team
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about their performance [1]. Rugby union is among the most popular international
sports, characterized by a high frequency of physical contact and repeated intermit-
tent bouts of high-intensity activity. To perform under these physiological demands,
a development combination of fitness of endurance, power, speed and acceleration,
and sport-specific skills, are needed [2].

However, the specific demands of competitions differ markedly between 15 sides’
rugby union and rugby sevens. Rugby sevens is a format of rugby union that has
increased in popularity in recent years, and will be contested at the 2016 Olympics.
The laws of rugby sevens, including thefield dimensions, are substantially the same as
15 sides’ rugby union, with themajor exceptions being the reduced number of players
(seven players per team), and shorter match duration (two halves of 7 minutes).

Differences in the physiological requirements of the two rugby formats suggest
that the characteristics of high-level players in each format may also differ [2]. The
dynamic match environment can make it difficult for coaches and support staff to
identify which elements of physical, technical, and tactical development to focus
on in order to enhance the probability of successful performance. Match analysis
is often used to provide an unbiased record and objective of team activity to assess
and monitor overall performance. However, it is unclear which performance indica-
tors should be monitored to evaluate the team performance in rugby sevens [3]. A
performance indicator is a variable characteristic for some aspect that is related to
successful performance outcomes [3]. A research study is required to characterize
the technical and tactical aspects of team plays, as related to successful performance
in rugby sevens.

Identifying the selected performance indicators related to scoring points and
winning in rugby sevens is beneficial to develop reference values for international
matches. These values can be applied by coaches to inform practical guidelines
for optimal technical and tactical development. The reference values can assist in
understanding the variability of team performance and guide the coaches to establish
quantifiable objectives for training and competition performance, and help to eval-
uate the efficacy of training interventions and tactical changes. The knowledge of
performance indicators can also be applied to create a performance profile in order
to predict team behavior and performance outcomes in the future [3].

In a rugby match, scoring a point by try and conversion is the most important
manner to determine the winner. There are many performance indicators in rugby,
namely, kickoff, ruck win, ruck lose, scrum win, scrum lose, tackle made, tackle
missed, conversion kick win, conversion kick out, dropkick, try, penalty, lineout
win, lineout lose, turnover, and maul. From the performance indicators mentioned
above, this does not mean that the top four teams would have a higher frequency of
performance indicators compared to the bottom four teams, in order to win and gain
higher rankings. The top four teams might have a lower frequency of performance
indicators compared to the bottom four teams. For example, the winning team might
have strength in tackling the opponent so that they would require less tackles to be
made in order to turn over the ball. On the other hand, the losing team might lack
strength in tackling the opponent, so that they would require more tackles to be made
in order to turn over the ball. However, the winning team would require more try
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and conversions compared to the losing team in order to win, and the losing team
surely has less try and conversions compared to the winning team. So, this means
that the top four teams would not have a higher frequency of performance indicators
compared to the bottom four teams. The performance indicators become important
for discriminating winning and losing, but they might be changeable from time to
time. This study aims to investigate which of selected performance indicators affect
high influence for the top four and bottom four teams inMASUM2015RugbySevens
Competition.

The purpose of this research is to investigate the differences in selected perfor-
mance indicators among top four and bottom four teams in MASUM 2015 Rugby
Sevens tournament.

2 Method

2.1 Performance Indicator

The performance indicators used in this study are the variables that aim to define
some aspect of performance of sports, and they are related to successful performance
or outcome. The selected performance indicators are shown in Table 1.

Table 1 Selected
performance indicators

No. Variables

1 Kickoff

2 Ruck win

3 Ruck lose

4 Scrum win

5 Scrum lose

6 Tackle made

7 Tackle missed

8 Conversion kick in

9 Conversion kick out

10 Dropkick

11 Try

12 Penalty

13 Lineout win

14 Lineout loss

15 Maul

Source Adopted from national rugby coach and journal of
difference of game statistics between winning and losing teams
in 2011 rugby world cup
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Table 2 Top four and bottom
four teams

Top four teams Bottom four teams

UPM A UMT

UPM B UUM

UiTM A UTeM

UTM UM A

2.2 Sample Selection

The sampling technique was conducted at “Padang Ragbi A” and “Padang Ragbi B”,
Universiti Putra Malaysia (UPM), Serdang. This tournament consists of 32 teams,
within 8 groups. The format of this tournament is that there will be a grouping stages,
and are divided into Cup, Bowl, Plate, and Shield pools. Each team will compete
in 6–7 matches for this tournament. There will be a total of 52 matches for the top
four and bottom four teams. The top four and bottom four teams are determined by
the final results of which team are in the Cup and Shield pools. Four teams which
compete in the semifinals Cup pool will be categorized as the top four teams, and
the other four teams which compete in the semifinals Shield pool will be categorized
as the bottom four teams. Table 2 shows the selected top and bottom four teams for
this study.

2.3 Data Analysis

The data collected from this research were gathered and interpreted using the SPSS
statistics v.21 software in order to determine the descriptive statistics by calculating
the mean, x and standard deviation, and s, which significant value is set at p < 0.05.

For the inferential statistics, the nonparametric statistical test, which is Wilcox
on Matched Pairs Signed Rank Sum Test, was used to compare the differences in
performance indicators among top four and bottom four teams. This is to determine
whether a significant difference exists between all groups.

2.4 Reliability Procedures

Intra- and Inter-Reliability test and Total Error calculation were performed in order
to determine the reliability of the analysis performed in this study. The reliability for
the intra-observer is r � 0.89, which shows a very good association. The reliability
for the interobserver is r � 0.80, which shows a correlation between observer. The
percentage of total error for the reliability procedure was 7%.
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3 Results

3.1 Mean and Standard Deviation

Table 3 shows the mean and standard deviation obtained in this study.

3.2 Differences Between Top Four and Bottom Four Teams

The Mann–Whitney U Test was performed to investigate the differences among the
top four and bottom four teams. The results are shown in Table 4.

4 Discussion

The first result shows that there are significant differences among top
four and bottom four teams for tackle missed (Z � −2.323, p � 0.020,
p < 0.05), conversion kick in (Z � −2.323, p � 0.020, p < 0.05), conversion kick
out (Z � −2.323, p � 0.020, p < 0.05), try (Z � −2.191, p � 0.028, p < 0.05), and

Table 3 Mean and standard deviation

No. Indicator Top four teams Bottom four teams

Mean SD Mean SD

1 Kickoff 4.18 2.57 2.64 1.59

2 Ruck win 1.43 2.27 2.27 2.73

3 Ruck lose 0.32 0.55 0.39 0.73

4 Scrum win 1.18 0.82 0.89 1.17

5 Scrum lose 0.18 0.39 0.25 0.65

6 Tackle made 10.46 5.11 10.11 5.09

7 Tackle missed 1.85 1.81 2.93 2.48

8 Conversion
kick in

2.93 2.29 1.39 1.40

9 Conversion
kick out

1.50 1.25 0.86 0.93

10 Dropkick 0.29 0.85 0.39 0.74

11 Try 4.46 2.60 2.29 1.80

12 Penalty 1.04 1.17 1.64 1.57

13 Lineout win 0.39 0.57 0.25 0.52

14 Lineout lose 0.21 0.41 0.32 0.55

15 Maul 0.07 0.262 0.25 0.585
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Table 4 The Mann–Whitney U Test results

No. Indicators Z value PI value

1 Kickoff −2.19 0.28

2 Ruck win −1.44 0.15

3 Ruck lose −5.92 0.55

4 Scrum win −1.16 0.25

5 Scrum lose 0.00 1.00

6 Tackle made 0.00 1.00

7 Tackle missed −2.32 0.02*

8 Conversion kick in −2.32 0.02*

9 Conversion kick out −2.32 0.02*

10 Dropkick −4.58 0.65

11 Try −2.19 0.03*

12 Penalty −1.89 0.06

13 Lineout win −1.35 0.18

14 Lineout lose 0.00 1.00

15 Maul −2.14 0.03*

*Show significant difference, p < 0.05

maul (Z � −2.139, p � 0.032, p < 0.05). However, there were no significant differ-
ences among top four and bottom four teams for kickoff (Z � −2.191, p � 0.28, p
> 0.05), ruck win (Z � 1.443, p� 0.149, p > 0.05), ruck lose (Z � −5.92, p� 0.554,
p > 0.05), scrum win (Z � −1.162, p � 0.245, p > 0.05), scrum lose (Z � 0.000,
p � 1.000, p > 0.05), tackle made (Z � 0.000, p � 1.000, p > 0.05), dropkick
(Z � −4.58, p � 0.647, p > 0.05), penalty (Z � −1.888, p � 0.059, p > 0.05),
lineout win (Z � −1.348, p � 0.178, p > 0.05), and lineout lose (Z � 0.000, p �
1.000, p > 0.05).

Based on the result shown, we can conclude that tacklemissed, conversion kick in,
conversion kick out, try, and maul have a significant difference among top four and
bottom four teams. Other performance indicators in this study showed no significant
difference among top four and bottom four teams.

This study also found that the top four teams had a higher mean for kickoff; this is
because many tries were made. This shows that the top four teams had more chances
to score more compared to the bottom four teams. Scrum win indicators also show
that the top four teams had a higher mean compared to the bottom four teams. In
addition, the tackle made also shows a higher mean compared to the bottom four
teams. This probably shows that the top four teams are stronger in terms of muscle
strength and technics during scrum and tackle. The performance indicators for try,
conversion kick in, and conversion kick out also show a higher mean compared to
the bottom four teams. This clearly shows that the top four had more tries so that they
had more chances in conversion kick. Another performance indicator that showed a
higher mean for the top four teams was the lineout win.
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The bottom four teams had a higher mean for ruck win, ruck lose, scrum lose,
tackle missed, dropkick, penalty, lineout lose and maul. This shows that the bottom
four performed more rucking to gain possession of the ball after being tackled by the
opponent. The scrum lose and tackle missed also shows that the bottom four teams
probably lacked strength for scrums and tackle. Many scrums that they engaged were
lose and many tackle that they performed were missed. The lineout lose shows that
the bottom four teams may lack technicals and tacticals compared to the top four
teams.

The maul performance indicators show that the bottom four teams performed
maul to increase the strength to avoid them from being tackled by the opponent.

5 Conclusion

In conclusion, the top four teams achieved a successful kickoff, try, scrumwin, tackle
made, conversion kick, and lineout win compared to the bottom four teams. These
results can be used as a reference by coaches to develop a proper training program
based on scrum and tackle, and monitoring the efficiency during difficult situations
in competitions. The defensive training can be improved to the specific training to
enhance defense techniques. This study provides important indicator values that may
serve as a reference to design and evaluate training for team peak performance in
competition tournaments. Coaches can use the results to establish suitable objectives
for their players and teams by maintaining strength and addressing the weakness of
the team.
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An Overview of Local Authority
and Stadium Corporation Sports Facility
Maintenance Management Practices
in Malaysia
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and Mohd Taib Harun

Abstract This study aimed to review the public sports facilities maintenance man-
agement practicemanaged by the Local Authority (LA) and the StadiumCorporation
(SC) in Malaysia. This study is also intended to explore differences in the practice
of the public sports facilities maintenance management based on respondents and
facilities background as well as comparing two models of public sports facility man-
agement organizations. The study is based on the maintenance effectiveness model
developed by Cholasuke, Ramnik Bhardwa and Jiju Antony (2004). The sample con-
sists of 105 maintenance management staffs from 13 LA and 7 SC in Malaysia. The
purposive sampling technique was used for sample selection of this study. A Likert
scale questionnaire was adapted and used for the study and after that, it underwent
a process of validity and reliability within the local context. Descriptive statistics
are used to describe the basic features of the data in a study by using frequencies,
percentages, mean, and standard deviation. Meanwhile, nonparametric test such as
Mann–Whitney U, Kruskal–Wallis, and Wilcoxon T-test were used for inferential
analysis. From the data analysis, it showed that the LA is more effective than the
SC in terms of maintenance management for public sports facilities as a whole.
The result for each effectiveness maintenance success factors showed that LA is
more effective in the management of public sports facilities maintenance compared
to the SC in Malaysia based on the factors such as organizational structure mainte-
nance, planning and schedulingmaintenance,maintenance informationmanagement,
human resource management, and maintenance contract management. However, SC
is only effective in continuous improvement factor. This study is expected to provide
important information to help sports administrators understand related issues in the
maintenance management of sports facilities, thus helping to improve the quality of
sports facility maintenance management in Malaysia.
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1 Introduction

The role of sports facilities is not only for sports development aspects but also impor-
tant for local development aspects such as municipal, economic and social. Based
on a report by Zulfakar [1] in The Star, there are 8261 sports facilities were built in
Malaysia. From this, 619 sports facilities are managed and operated by the Ministry
of Youth and Sports while the remaining 7642 are under the management of the state
government and Local Authorities (LA).

In every Malaysian Plan (MP) from the years 1966 to 2017, government has built
various sports facilities ranging from multipurpose complexes to the construction of
stadiums in every state. However, the sports facilities provided are not fully utilized,
misused, unprotected, and not maintained by the responsible parties. The issues of
weaknesses maintaining public sports facilities in Malaysia are often debated in
parliament and media because it is not in line with the objectives to be achieved.

At one point, the government had taken drastic action to freeze construction of
new sports facilities due to the lack of maintenance by various responsible agencies.
This is based on the excerpt from Dato’ Sri Najib Tun Razak’s statement, Deputy
Prime Minister of Malaysia stated that sports facilities throughout the country are
not well maintained and most are in unsatisfactory condition [2].

Ministry of Youth and Sports Malaysia is the main agency responsible for the
development of sports in Malaysia which also has seen limited authority to intervene
in the management of sports facilities managed by the state government through LA
in Malaysia [3]. This situation has caused many sports facilities in certain state and
district throughout Malaysia were not in satisfactory conditions due to the lack of
maintenance activities. The issues on weaknesses maintaining public sports facilities
could be categorized as a national issue which is often exposed by various sources
through the mass media as well as report from the national auditor. Most of the
reports show sports facilities are facing various problems in terms of maintenance
management due to the weakness of existing operating systems. The financial aspect
is also seen as the main difficulties in carrying out effective and quality maintenance
activities by the agency such as LA and SC. From the operation view, the LA in each
state is sufficiently burdened with the obligation to take care of the public sports
facilities.

The purpose of this research is to identify the factors that lead to a successful
maintenance management across Malaysia public sports facility manage by the LA
and SC in selected state. The results of the study draw an assessment of strengths and
opportunities that could provide a useful indicator for supporting evidence for deci-
sionmakers to improvemaintenancemanagement practices and formulate guidelines
for future best practice on maintenance management sports facilities in Malaysia.
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2 Method

A survey was conducted to describe and explain the maintenance management effec-
tiveness of public sports facilities in Malaysia. Maintenance Management Effec-
tiveness (MME) questionnaire developed by Cholasuke et al. [4] was used in this
study. The study focused towards main key elements related to maintenance man-
agement effectiveness that has been verified by practitioners and professionals in
the field of maintenance. Nine (9) major elements have been identified as impor-
tant in maintenance management effectiveness factor such as (1) policy deployment
and organization, (2) maintenance approach, (3) task planning and scheduling tasks,
(4) information management and CMMS, (5) spare parts management, (6) human
resource management, (7) contracting out maintenance (8) financial aspect, and (9)
continuous improvement.

MME questionnaires were distributed to thirteen (13) LA and seven (7) SC major
states inMalaysia. Cover letters and questionnaireswere addressed directly via postal
to all related respondents. Prior to this, a pilot study has been carried out to see the
feasibility and acceptance of important inputs for this survey. Data received from the
pilot study was analyzed and the 36 items showed a reliability factor of 0.833.

The sample selection for this study is based on purposive sampling method where
the selection of subjects from the population consists and focused specifically on
the thirteen (13) LA and 7 SC agencies, involving 105 respondents. The justification
for selection of this population is based on the methodology and operation of sports
facilities management in Malaysia which is either under the responsibility of the LA
and SC. Those involved as respondents were directly responsible for their respective
sports facilities maintenance.

3 Results

Further inference analysiswas undertaken to address the question,whether therewere
significant differences in elements of maintenance management practice elements
practiced by LA and SC. To test on research hypotheses, the Mann–Whitney U test
by using the mean score for each factor was constructed. For this analysis, there
are nine main hypotheses tested to see the difference in aspects of maintenance
management practices between the two agencies.

The data analysis found that there was a significant difference between the Policy
and Organizational Structure of maintenance organizations between LA and the SC
in Malaysia. The results of the study were significant, where U � 587.000, p < 0.05.
The null hypothesis was rejected and the researcher made a decision that there was
a difference in the practice of Policy Creation and Restructuring the maintenance
organization for both agencies. It was also found that LA (49.97) was more effec-
tive in term of Policy and Organizational Structure of the maintenance organization
compared to the SC (36.08).
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Based on the analysis, itwas found that therewas no significant difference between
theMaintenanceApproach between LA and SC inMalaysia, statistics U� 1083.500,
p > 0.05. Thismeans that researchers failed to reject the null hypothesis.Mann–Whit-
ney U test results show that both agencies are ineffective in the overall aspect of the
Maintenance Approach practiced in the operation of sports facilities maintenance in
Malaysia.

The data analysis revealed that there were significant differences in Planning
Factors and Maintenance Work Schedules between LA and SC in Malaysia. The
results of the study were significant U � 758.500, p < 0.05. The null hypothesis
was rejected and the researcher decided that there was a difference in Planning
and Maintenance Work Schedule for both agencies. It was found that LA (57.52)
was more effective in Planning and Maintenance Work Schedule compared to SC
(41.16) in Malaysia based on differences in mean scores and standard deviation for
both agencies.

The data analysis found that there was significant difference between Mainte-
nance Information Management between LA and SC in Malaysia. The results of the
study were statistically significant U � 859, p < 0.05. The hypothesis was rejected
and the researchers decided that there was a difference in Maintenance Information
Management for both agencies. It was also found that LA (56.20) was more effective
in Maintenance Information Management than SC (44.62) in Malaysia.

Based on the analysis, there was no significant difference between Spare Parts
Management and Maintenance Materials factors between LA and SC in terms of the
effectiveness of maintenance management of public sports facilities, statistics U �
1080.5, p > 0.05. Therefore, the researcher fails to reject the null hypothesis, the
results show that there is no significant difference in Spare Parts Management and
Maintenance Materials for both agencies.

Analysis of Human Resource Management factors found that there were signif-
icant differences in Human Resource Management factors between LA and SC in
Malaysia in terms of the effectiveness of maintenance management of public sports
facilities, U � 752, p < 0.05. This analysis also shows that both agencies differ in
their aspects of the practice of their Human Resource Management factors. This
means the null hypothesis is rejected. The results of the analysis show that LA is
more effective in the practice of Human Resource Management factor than SC.

The Maintenance Contract Management factors analysis shows that there is a
significant difference between the LA and the SC in Malaysia in terms of the effec-
tiveness of themaintenancemanagement of public sports facilities,U� 846, p<0.05.
This analysis also shows that the two agencies differ from the aspects of their prac-
tice to the organizers of the contract management. This means the null hypothesis is
rejected. Mann–Whitney U test results show that LA (56.37) is more effective in the
practice of Maintenance Contract Management factor than SC (44.17).

Based on the analysis, itwas found that therewas no significant difference between
LA and SC in Maintenance Financial factors, where U � 879.5, p > 0.05. This
means that researchers failed to reject the null hypothesis. Mann–Whitney U test
result shows that both agencies are ineffective as a whole in aspects of Maintenance
Financial practiced in the operation of sports facilities maintenance in Malaysia.
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An analysis of the Continuous Improvement factors of facilities maintenance
found that there was a significant difference between the LA and SC in Malaysia in
terms of the effectiveness of the maintenance management of public sports facilities,
statistics U � 576, p < 0.05. This analysis also shows that both agencies differ from
their practice and approach to the Continuous Improvement factor. This means the
null hypothesis is rejected. Test results show that the SC (52.35) is more effective in
practicing Continuous Improvement than LA (40.44).

4 Discussion

According to [4], the establishment of policy and organizational structure factor is an
important aspect to be taken care. It is because well-planned establishment of policy
and organizational structure are capable to mobilize manpower, develop effective
communication, and create good maintenance resource allocation with the ability to
ensure all planned maintenance activities are implemented effectively.

In the view of LA establishment policies and structures in managing and main-
taining public sports facilities, in terms of staff number, LA has a large number of
engineers and technical staff, experience, and resources compared to SC. However,
the organizational structure of the SC is more focused, and the organization’s policy
and organizational structure were planned in line with the capacity and workload.
These findings support the research conducted by Mukelas et al. [5] where a review
of 12 LAs in Selangor shows that all LAs have an organizational structure and main-
tenance strategy that helps towards the effectiveness of complaint resolution and
maintenance-related repairs.

The maintenance approach factors practiced by both agencies are seen based on
the results of the analysis do not indicate any significant differences in assisting with
the effectiveness of maintenance. Although based on the analysis found no meaning-
ful relationship but the two agencies practiced an appropriate approach to existing
capabilities and resources for both agencies. Based on the management practice
study that focuses on effective maintenance services, it is still not at the best practice
level where independent agencies determine the best and profitable way of manag-
ing agencies [6]. Statement by the chief secretary to the government, Hassan (2007)
although the government’s commitment to support effective maintenance through
a substantial provision for upgrading and renovation work, there are still of work
being carried out poorly manage and does not reach the required quality. According
to Annies [7], Chief Maintenance Sector, Public Works Department Malaysia (JKR)
shared the same view that maintenance standards in government-owned buildings
do not meet the required quality.

The task planning factor and maintenance work schedule are one of the factors
related to the planning and scheduling ofmaintenancework based on themaintenance
policies that have been developed by the organization. The analysis found that there
were significant differences in the planning and scheduling aspects of maintenance
work between the two agencies. Based on the analysis, the LA was found to be more
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effective in this aspect than the SC. This factor is due to clear organizational structure
and policies in the planning of maintenance practiced by the local LAs. Fast work
execution process based on the amount of workforce, financial capabilities, and a
combination of maintenance approaches that give advantages to LA compared to SC.
Although SC is more specific in its direction, due to the lack of technical personnel
and experienced in planning and scheduling work has inhibited the effectiveness of
maintenance management. It is an evident from the auditor general’s report stating
that SCMalaysia did not plan effective maintenance activities which caused the roof
of the stadium to be damaged due to the failure of planning and periodic maintenance
work [8].

The maintenance management information factor found that LA was more effec-
tive where there were significant differences between LA and SC. Based on the
findings, the LA is more organized in the maintenance information where there are a
computer usage and storage of information used for the purpose of storing all main-
tenance records such as CMMS. The usage is not so comprehensive but efforts to
improve the storage of these records are being upgraded.While the SC agency has not
been practiced thoroughly and most of the information is stored manually referred
based on the details of the work at sports facilities. Based on a study conducted by
24 companies and organizations with a department of facility management unit that
used of computerized systems for building facilities management (Computer-Aided
Facility Management) found that this application is seen to increase the efficiency
of maintenance operation but the costs prevent optimum and comprehensive used in
organizations in Malaysia [6]. Based on this study, the researcher also believes that
the weakness and lack of application of this app which is recognized can save the
time of operation and cannot be practiced by LA and SC because it involves high cost
of computer software and hardware. It is not yet able adapting its users thoroughly
due to financial constraints. The importance of using this software in the facility
maintenance management should be noted [9], through the improvement and use of
the software in the organization could help improve the quality and good financial
returns. However, operation management tools based on analysis show that there is
no significant difference shown through analysis for both agencies.

Both LA and SC rely heavily on appointed maintenance contractors for all spare
parts replacement work. Generally, the importance of storing and having spare parts
is closely related to the effectiveness of themaintenance and operational performance
of a facility. The spare parts stock should be listed according to the most important
and less important priority, this is to offset the costs and needs of an existing facility
[10]. This aspect has a close relationshipwith themaintenance approach factor where
the chosen approachwill determine the spare parts storage andmaintenancematerials
requirements, if an agency uses a comprehensive contractual approach then the need
to have and store spare parts on a large scale is not necessary.

Human resources are an important factor in achieving the objectives of each
organization. In this study, there were significant differences between LA and SC
in human resource management. LA is more effective than SC in terms of human
resource management that relies on training planning, staffing, competency level
assessment, scope setting and task description in balancing staffing and workload.
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LAs are seen to have good training planning where there is LAs that have imple-
mented relevant training for staff in the 50–90% level related to their duties compared
to SC. The level of competence and performance of LA staff is also better than SC
staff where good staffing planning balances workloads and increases the motivation
of LA staff.

Maintenance contract management is a factor to ensure the effectiveness of main-
tenance management practices of each organization. In this study, there was a signif-
icant difference between LA and SC where LA was more effective than SC in terms
of maintenance contract management. LA through research findings were 30–70%
maintenance work has been handed over to qualified contractors and this contributes
to moderate high savings by most LA respondents. Most of these maintenance con-
tracts provide a great deal of maintenance work that involves major repair work and
special expertise.

The financial factors for both agencies based on the analysis show that there is
no significant difference shown through analysis. This decision is because both of
these LA and SC adopt a same approach and do not show the level of promising
effectiveness in the management of finance and budget planning for maintenance
activities. In the case of maintenance budget planning method, both respondents
from the LA and SC practice rough estimates of planning and details based on
maintenance activity requirements. In view of the expenditure aspect, SC spending
more than 30% of what is allocated in the annual allocation versus the LA, with most
respondents claiming that expenditure is only between 5 and 30%.

In the aspect of continuous improvement, factors for both LA and SC based on
analysis showed a significant difference. The findings show that the SC is only effec-
tive in the aspect of continuous improvement because it is an organization that is
focused on the management of the facility, and definitely the effort to improve in
management and maintenance work can be done periodically and regularly. Com-
pared to LA, the main task is not just to the sports facilities but covers the scope of
maintenance that involves the municipality and the wider context to make it difficult
for LA to do so frequently. Continuous improvement is mostly focused on policy
revisions, conducting measurements of maintenance efficiencies, and maintenance
management improvements through regular and periodic management reviews and
reviews.

5 Conclusion

Based on the elements of the effectiveness of the maintenance management practice,
it is found that the LA agencies are effective in five factors: (i) maintenance organi-
zation and organizational structure, (ii) planning and maintenance work schedules,
(iii) maintenance information management, (iv) human resource management, and
(v) maintenance contract management. Meanwhile, SC agencies are more effective
only for continuous improvement factors.
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Accelerometer Artefacts
from Body-Worn Sensors
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Abstract Inertial sensors are commonly found in commercial products such as
smartphones and sports bands. When these sensors are stationary, the variation in
the recorded signal (noise level) is very small (approaching 0.1% of the gravitational
acceleration). In many sports applications, the recorded acceleration has noise spikes
related to the sensor itself and impulsive body movements. The wrist acceleration
(100 samples/s) from a boxing jab (posterior–anterior) to a stationary bag using five
subjects demonstrated that following the impact, the sensor oscillated in a manner
dependent on the sensor weight. Mathematically, the integrated acceleration at the
end point of the jab should be zero. Thiswas used to remove the vibration artefacts and
verified using a high-speed camera (2014 fps). A male participant with a rotator cuff
shoulder reconstruction was asked to raise his arms (front lateral raise) individually
from rest (vertical) to above the horizontal position carrying several differentweights.
The shoulder instability of the participant was evident in the accelerometer record as
significantly larger anterior–posterior vibration at 9 Hz. This was not evident in the
opposite shoulder which had no reported injury. This technique might prove a useful
tool in quantifying shoulder instability over long periods of time.
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1 Introduction

Inertial sensors are used widely in sport and everyday activities featuring in smart-
phones and sports bands; this can enable a variety of monitoring including heart rate
and for this instance, acceleration. When these sensors are stationary, the variation in
the recorded signal (noise level) is very small (approaching 0.1% of the gravitational
acceleration). However, when increasing the intensity of the movement in sport and
everyday living situations, the signals received are not noise free and often contain
very large one-point spikes and other high-frequency vibration periods. External
vibrations not produced by the movement can account for the noise; alternatively,
movement of the sensors against the body due to loose coupling can cause artefacts
[1]. This noise can cause issues when attempting to distinguish between the desired
acceleration data from skeletal movement and error. Two likely causes are the inertia
of the sensor, and joint instability during flexion. The method of attachment of the
sensor, skin elasticity, muscle contraction effects and joint instabilities can cause
these effects.

To remove this effect many researchers and embedded applications use various
filtering techniques. They often rely on the assumption thatmovements fall in specific
frequency bands, (walking typically 1–3 Hz range and running 5–7 Hz), whereas
noise levels are located in higher bands [1]. However, filtering can result in the
loss of high-speed biomechanical movements and filtering must degrade the signal
of interest. For example, abrupt changes in acceleration of the hand in boxing and
swimming could result in a set of inertia-induced vibrations in acceleration; abrupt
changes in an ankle sensor could be the inertial response of foot-ground contacts.
Such an effect was noted in arm rotation in classical ballet [2].

The specific locations of the sensors on the body can alter the noise given themag-
nitude of vibrations in particular areas. Earlier research suggests areas with lower
quantities of soft tissue display lower levels of noise with accelerometers readings
[1]. Knowing this enables coaches to locate and attach accelerometers to perform-
ers in areas which give more accurate readings. Numerous other investigations have
seen a strong correlation between noise and exercise intensity. Participants with
Osteoarthritis measured greater errors at greater walking speeds when analysing
gait symmetry with accelerometers [3]. Given the consistency with these findings in
‘normal gait’, research has used these assumptions to generate equations and algo-
rithms to account for the noise to create a clearer acceleration value which mimics
that of actual skeletal movement [4]. In addition, more specific investigations have
been made into accounting for skin motion artefact. Using EMG readings and vibra-
tions as stimulants have enabled additional data to be collected suggesting greater
accelerometer readings and oscillations at the sites of muscle contraction [5]. Skin
motion artefacts are specific to the movement and the characteristics of the partic-
ipant’s skin (usually age related and location dependent) make this method far too
time consuming and difficult [6]. Taking this into account, it would be more use-
ful to investigate reducing the error causes and employing mathematical strategies
to account for them. In addition, there might be useful biomechanical information
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in accelerometer measurements. This might be a significant advantage as dynamic
joint movement measurements are recorded rather than static imaging––the current
diagnosis tool.

This paper reports two separate experimental investigations using wrist-mounted
sensors. The first is an acceleration measurement when punching a wall-mounted
padded bag and the second reports shoulder vibrations in an arm-lifting exercise.
These are commonly encountered movement artefacts in the acceleration records
[2, 7, 9].

2 Experimental Methods

2.1 Boxing Jab

Hand speed is particularly important in boxing and can be measured using a wrist-
mounted accelerometer [7]. Four male participants (1 experienced, 3 novices) were
asked to jab a wall-mounted jabbing frame and leave the hand in the bag. A three-axis
accelerometer [8] was mounted on the wrist using medical adhesive tape (see Fig. 1).

Synthetic data was created numerically for a 0.45 m long movement from a rest
position to an abrupt termination in the bag. Figure 2 shows the change in position
with time and the derived velocity and acceleration profile. The time to accelerate
is much longer than the time to decelerate and so the positive acceleration peak has
a much smaller magnitude than the deceleration phase. As the movement is from
a resting position (0 m) to another resting position at 0.45 m, the mean value of
the acceleration through the movement must be zero. However, the skewness of the
acceleration data will not be zero as acceleration distribution is asymmetric. For the
case shown, the skewness was 2.5.

Each jab was recorded using a high-speed video camera (1216 f/s) against a
calibrated square grid backdrop located 20 cm behind the subject’s forearm (Fig. 1).
In one case, the accelerometer was loaded with additional 20 g weights to observe
changes in the acceleration profile due to changes in the sensor inertia. The weights
were taped to the acceleration sensor only, and not to the skin. The acceleration
files were downloaded to a computer and processed using Matlab®. The jab speed

Fig. 1 Wrist-mounted sensor before impact (left); the sensor at time of impact (middle); the sensor
orientation changes immediately following impact (right)
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Fig. 2 Synthetic data
showing the position of the
arm in the direction of a jab
as a function of time and the
calculated velocity and
acceleration. The difference
in the change in velocity
results in a smaller positive
acceleration peak before
impact and a much larger
negative acceleration value
after impact

was verified from the video frames. This work was conducted under the institution’s
ethics committee project approval (ethics approval number ENG/14/13/HREC).

The three-axis acceleration data was calibrated to readings in the gravitational
acceleration ‘g’. The principal axis of forearm movement (posterior–anterior) was
used exclusively in data processing. Given that the total integrated acceleration over
time must be zero, the first two changes (maximum and minimum) in acceleration
measured as a deviation from zero were separated from the acceleration oscillations
which followed. The latter is due to themovement of the sensor alonewithout forearm
movement. For continuity, the deceleration maximum transition to zero was fitted
by a third-order polynomial and the modified acceleration profile was integrated
to determine the maximum velocity. The residual acceleration profile was analysed
in the frequency domain to determine the frequency of oscillation of the weighted
accelerometer unit.
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2.2 Arm Lifting

One male participant was asked to raise hand-held weights (0, 2, 3 and 5 kg) with
three repetitions, using the sequence shown in Table 1 (see Fig. 3). The left hand
was subjected to a series of weights (0–5 kg). The participant (65 years) had a left
shoulder reconstruction in 2012. All movements were recorded using wrist-mounted
sensors on both arms and a video camera (25 f/s). Figure 3 shows the start position
and the highest point in the lift. This is a common exercise used in gym training to
strengthen the deltoid muscles in the shoulder.

The movement was sufficiently slow to allow static angle measurements to be
made accurately. The experiment was conducted under the ethics committee project
approval (ENG/14/13/HREC).

Table 1 Exercise sequence for arm-lifted weights

Sequence Left weight (kg) Right weight (kg)

1. Left-right-together (three
repeats)

0 0

2. Left-right-together (three
repeats)

2 0

3. Left-right-together (three
repeats)

3 0

4. Left-right-together (three
repeats)

5 0

5. Left-right-together (three
repeats)

3 3

Fig. 3 Participant 1 at the resting position with a 3 kg weight in the left hand (left); tarticipant 1 at
the highest point of the lift. The accelerometers are located in Velcro wristbands (right)
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3 Results and Discussion

3.1 Boxing Jab

Figure 4 (left) shows the calibrated acceleration data for the same sensor and three
different weights. Note that, the acceleration profiles are inverted when compared to
Fig. 2.

Following the main positive acceleration peak, the acceleration oscillates before
returning to zero. These oscillations are due to the inertial vibrations of the sensor
relative to the hand and do not represent limbmovement. While the maximum values
are all overrange for the sensor (greater than 16 g), the damped oscillations which
follow show increased amplitude as the weight was increased. The peak correspond-
ing to 43 gr shows less deceleration which results in less velocity. This is represented
by a lower amplitude in the oscillation, and it is due to the velocity not being well
controlled. The peak oscillation frequency also changed from 10, to 17 and 19 Hz,
respectively (Fig. 4—right) with increasing sensor weight. The acceleration time
series was processed to remove the trailing oscillations (see Fig. 5) and the final
result was integrated to calculate the velocity as a function of time.

3.2 Arm Lifting

The acceleration data from the arm-lifting sequence was converted to ‘g’ units (the
earth’s gravitational accelerat ion). When the arm is at rest, axis 1 (A1) is medio-
lateral, axis 2 (A2) is anterior–posterior and axis 3 (A3) is vertical. The frequency
components were derived from the time series data and plotted on a log–log scale.
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Fig. 4 The acceleration of a wrist-mounted sensor in the direction of the jab for three different
weights. The three acceleration plots are superimposed for easy comparison (left). The amplitude of
the oscillations following the major impact shows that the peak frequency increased with increasing
weight (right)
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Fig. 5 Signal processing to remove the trailing oscillations aUnaltered acceleration data calibrated
in g (top left), b Acceleration data with trailing oscillations removed (top right), c Residual error,
(bottom left), d The velocity of the forearm calculated by integrating the processed acceleration
(bottom right)

Figure 6 (left and right) are the spectra for the left and right arms respectively. For
clarity A2 was multiplied by 102 and A3 was multiplied by 104 so that the data sets
do not obscure each other in the plot. In Fig. 6, the frequency peak at 9 Hz on the left
arm is clearly visible in A3 although this was not evident in the movement without
weights.

The speed of the arm movement appears as the lowest frequency peak. This is
0.3 Hz and 0.45 Hz, respectively, and was found to be twice at this fundamental
frequency for A3. This is because the A3 sensor outputs positive values both above
and below the horizontal plane. The ratio of the peak high oscillation frequency
and the fundamental frequency are a measure of the number of unstable shoulder
adjustments that occur during a single arm lift. Thus, for the left arm, there are
approximately 37 steps but no equivalent effect in the right arm spectra. For all arm
lifts with weights, the result was 35.2 ± 3.2 steps.
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Fig. 6 Arm acceleration spectra for 3 kg weights on each arm for participant 1. Left arm (left);
Right arm (right). The vibration at 9 Hz in the left arm is clearly evident but is not visible in the
right arm spectrum

4 Conclusion and Further Work

Two different artefacts from acceleration sensor measurements were studied. A
straight, horizontal and boxing jab with a wrist-mounted accelerometer into a wall-
mounted bag included three different time sections: the acceleration, the rapid decel-
eration and oscillations of the sensor resulting from additional inertial movements
of the sensor because of the skin elasticity. The frequency of the oscillations was
found to be dependent on the weight of the sensor. A simple mathematical technique
was used to remove the oscillation making the determination of the hand velocity
straightforward. The technique can only be applied, if there is a clear understanding
of the characteristic oscillation period for that skin surface and that sensor. There is
an opportunity to measure this frequency before measurements are made in a realis-
tic boxing situation. The analysis also provides a technique to quantify the method
of attaching the sensor to the human body. This might prove a useful tool as place-
ment of sensor on body locations with minimal soft tissue is the current strategy to
minimize vibration artefacts.

A forward lift of a hand-heldweight in front of the bodywithout bending the elbow
was measured using a wrist-mounted accelerometer. A comparison of the left and
right arms of the participant who had a surgical rotator cuff repair to the left shoulder
4 years ago showed vibrations at 9 Hz. The accelerometer placement during this
type of exercise could augment or replace complex and expensive three-dimensional
computer-aided tomography, arthroscopic measurements, other imaging techniques
and invasive explorationswhere the observation of dynamicmovement is not possible
and ligament imaging is usually not viable [10, 11]. This is a quantitativemeasure that
could augment the questionnaire used to track non-traumatic shoulder instability over
long periods of time [12], the longitudinal measurement of the shoulder instability
index [13] and by comparing the acceleration recordings with internally generated
audio sounds [14].
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Biomechanics Analysis of Sepak Takraw
Tekong Serves via Depth Camera Motion
Capture System
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Mohamed Shawal Abd Rahman, Wee Chang An,
Muhammad Ikram Kushairi and Mohd Zamani Ngali

Abstract This study is focussing on the biomechanics analysis of the Sepak Takraw
Tekong pre-serve motion. To date, most biomechanics analysis in sports is using
standard three-dimensional video camera recording as the motion capture system. In
this project, an in-house marker-less three-dimensional (3D) Depth Camera motion
capture system is introduced. Kinect for Xbox 360 is chosen as the 3D Depth Cam-
era motion capture sensor. Two sensors are used for duplex motion capture system
arrangement since a recent study has proven that duplex system provides better
results as compared to single Kinect motion capture system. These sensors have the
capability to capture motions at 30 fps and categorized as marker-less skeleton track-
ing system. A server or known as Tekong in Sepak Takraw sport was chosen as test
subject and his motion during performing the pre-serve motion was analysed. The
serves motion of Tekong was captured during training session. Total serves attempt
captured were 15 attempts. Data collected from the Kinect was then analysed using
Matrix Laboratory software. The parameters analysed were foot-to-foot distance and
both knee relative angle at pre-serve phase. The mean value and standard deviation
for foot-to-foot distance in this study are 0.58 and 0.19 m. For the biomechanics
analysis on the sample chosen, the mean value for relative angle for right knee was
148.72° whereas left knee relative angle was 160.89°. Speed of the ball being served
also recorded in this study. From the statistical analysis, the result shows that the
foot-to-foot distance and relative angle of the knee during pre-serve phase have an
effect on the speed of the ball being served. From the outcomes of the study, it is
suggested to use Kinect as themotion capture system since it can providemarker-less
which is unable to comfort the subject to be examined, and also it can provide data
in three dimensional. But, improvement in the specification of Kinect sensor used
was highly recommended.
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1 Introduction

The word biomechanics are from the prefix bio and the root word mechanics. The
prefix bio visualizes that biomechanics has something to do with the analysis of
force and their effects on the living systems. The root word mechanics indicates that
biomechanics has something to do with the analysis of force and their effects. There-
fore, the term biomechanics is the study of the structure and function of biological
system by means of the methods of mechanics [1]. Recently, biomechanics becomes
one of the vital fields in athlete performance evaluation. Biomechanics is described
as the implementation of mechanical laws to living things or structure, specifically
to the human body locomotor system [2].

Sepak takraw is Thai for ‘kick’ and ‘woven ball’, which defines the gist of this
team sport that is known today as the international ball game of Southeast Asia [3].
The name comes from the combination of the Malay word Sepak (literally means
as ‘kick’ or ‘smash’) and the Thai word Takraw (the original rattan ball used in the
sport) [4]. Sepak takraw is a sport which is played in court. Sepak Takraw is a sport
which is played in court which is 13.4 m long and 6.1 m width. The players tossing
a rattan ball over a net barrier, which is played by two opposing teams consists of
three players for each team. They can use any part of the body except their hands.

In modern Sepak takraw, Tekong plays a vital role. The server’s role in Sepak
takraw sport is crucial to the team’s overall performance because a good service
is sometimes sufficient in starting and terminating rallies in order to gain a point.
Serving is viewed as Sepak takraw first measurement of offence because of its essen-
tialness [5]. The serve is the first attacking strike in themodern game of Sepak takraw.
Notational analysis conducted by National Sports Institute of Malaysia has shown
that a good serve contributes to scoring points and winning the game [6]. Tekong’s
function in this sport is to serve the Sepak Takraw ball towards the opponent across
the net barrier by using their legs. It required high skill level to perform the best serve
in Sepak Takraw sport.

Therefore, the purpose of this project is to conduct the biomechanics analysis on
theSepakTakrawTekong serve byusing depth cameramotion capture system.Motion
capture system that has been used to capture the Sepak Takraw Tekongmotion is the
Kinect Xbox 360°. The Kinect is a novel motion analysis tool which allows marker-
lessmotion tracking at very lowcost. TheKinect could be used for qualitative analysis
in situations where ecological validity is of greater importance than the accuracy
of measurement. This could include certain applications in coaching, teaching or
clinical practice [7]. The serves motion of University Tun Hussein Onn (UTHM)
Sepak Takraw players were captured during training sessions. The movement of the
selected joint of the tekong’s body during serving the Sepak Takraw ball was captured
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using Kinect Xbox 360° sensor. There are two different techniques that have been
implemented to capture human motion, that is, marker and marker-less technique.
The technique have been used in this study is marker-less. The Kinect should enable
to capture human body joint motion and then retrieve the data for joint movement.
The data are retrieved in three-dimensional (3D) axis which is x, y and z. From the
previous study, there is a possibility to adopt marker-less motion capture technique
in the biomechanics analysis. Moreover, it is suitable to implement since it can
provide the reduction in preparation time of the subjects and the absence of markers
that could modify the naturalness of a subject’s movement [8]. Selected kinematic
variables were calculated using data collected from Kinect sensor that linked to the
Kinect forWindows software. The 3Ddata for 20 body joint captured from theKinect
is then processed usingMatrix Laboratory (MATLAB) software. Then, the statistical
analysis method is also used to define the most relevant kinematic factor that affects
Tekong performance. The experiment is performed during the Sepak Takraw training
session.

2 Method

2.1 Selected a Equipment

The study involved the analysis using motion capture using Kinect Xbox 360°
sensor and software on the UTHM Sepak Takraw Tekong. Motion of one sample
(Tekong/server) was captured in the training sessions. The performance of Tekong
is measured from the consistency, ball placement and surely the speed of the ball
being serves. Therefore, the parameter that needs to be recorded in the study is how
fast the ball being served together with the consistency of the serve. The consistency
of the serve in this study is referred to many trials of serve that successfully passes
the net barrier and not going out from the standard court line dimension. There are
several methods that can be used to measure the speed of the ball that is by using
radar gun [9] or mathematical calculation from the data obtained by motion capture
system. Fifteen (15) number of serves attempt were performed and recorded. The
data of Tekong body joint motion were retrieved by using Kinect Xbox 360° sensor
with resolution 640 × 480 and 30 frame rate per second (fps). Data collected from
Kinect Xbox 360° were processed and analysed usingMATLAB software. The anal-
ysis on joint motion was performed in three major axis which is x, y and z (3D). The
collected 3D data for respective joint was used to perform kinematic analysis on the
selected sample body joint. The selected parameters that have been analysed were
the foot-to-foot distance and relative angle of the knee during pre-serve stage. The
kinematic data for joint motion and motion pattern of selected joint were correlated
with the speed of the ball using statistical analysis method.
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Fig. 1 Simplified skeleton model by MATLAB software

3 Results and Discussion

The skeleton model has been simplified using MATLAB software by processing
data from Kinect Xbox 360°. The reason for simplification is to make the analysis
procedure for selected joint easier. The simplified skeleton model for 14 selected
joints by MATLAB software is shown in Fig. 1.

From the simplified skeleton model as shown in Fig. 1, the motion pattern of the
Tekong during pre-serve phase can be observed. The sample of motion pattern of the
Tekong during pre-serve phase is as shown in Fig. 2.

Parameters that have been analysed were foot-to-foot Euclidean distance and
relative angle of knee during pre-serve phase. Foot-to-foot distance, d was calculated
using the following formula:

d �
√
(x1 − x2)2 + (y1 − y2)2 + (z1 − z2)2 (1)

where x1, y1 and z1 are the 3D coordinates of right ankle of Tekong during pre-serve
phase and x2, y2 and z2 are the left ankle 3D coordinates of Tekong during pre-serve
phase.
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Foot-to-foot Euclidean distance, d

Fig. 2 Sample of Tekong motion pattern of right and left foot during pre-serve

Then, relative angle for knee, (A, B), where A for right knee and B for left knee
relative angle were calculated using cosine rule formula. These rules have been used
due to triangular-shaped motion produced by connecting three jointd which are hip,
knee and ankle joint of the Tekong. The triangular shape is produced from the pattern
motion of Tekong as shown in Fig. 3.

cos(A, B) � b2 + c2 − a2

2bc
(2)

These trigonometric function and equation have been used inMATLAB program-
ming. Data for 15 serve attempts of the selected parameters were calculated using
MATLAB software. The speed of the ball served by Tekong and the serve outcomes
whether in or out is also recorded. All of the data collected in the experiment were
tabulated as shown in Table 1

From the data tabulated, the statistical analysis has been performed. The graph
were plotted to visualize the correlation between parameter selected with the speed
of the ball being served and the motion pattern of the sample during pre-serve phase.
The graph plotted is shown in Figs. 4, 5, 6 and 7.

From the graph that have been plotted, Fig. 4 indicated that there is a correlation
between foot-to-foot Euclidean distance, d with the speed of the ball being served.
The graph shows that when the foot-to-foot distance is larger, the value for speed
recorded is also faster. Then, from the graph in Figs. 5 and 6, it indicated that both
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Fig. 3 Triangular shape produced from the pattern motion of Tekong

knee relative angles have contributed significant effect on the speed of the ball being
served. From the comparison between the slope of both graph, it shows that right
knee relative angle (A°) provided larger contribution on speed of the ball compared
to left knee relative angle (B°). From Fig. 7, the graph that was plotted indicated that
the movement of left knee of the sample is less consistent from the mean value due
to large value of standard variation produced.

The analysis on the ball speed, s (km/h) recorded also have been performed. In
this experiment, the fastest speed recorded was 69 km/h. The data tabulate shows
that there was large deviation of serve speed for 15 serve attempts compared to mean
speed. This situation indicated that the server also has less consistency inmaintaining
speed of the ball being served. Then, the serve outcome was also recorded. Out of
the 15 serves, the sample manages to serve 10 attempts perfectly. These values are
represented by 66.67% consistency level in the state of serve outcome.
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Table 1 Summary kinematics data collected

Serve
attempt

Foot-to-foot
distance,
d (m)

Relative
angle for
right knee,
A(°)

Relative
angle for left
knee, B(°)

Serve
outcome

Ball speed,
s (km/h) (±1 km/h)

1 1.07 147.2 153.52 out 69

2 0.48 133.3 172.09 out 56

3 0.71 174.5 170.67 in 62

4 0.55 160.6 170.31 out 58

5 0.48 132.1 105.46 out 58

6 0.37 140.6 169.28 in 31

7 0.40 125.9 174.08 in 52

8 0.46 139.1 168.94 out 50

9 0.52 140.1 161.64 in 58

10 0.73 165.8 153.78 in 65

11 0.50 149.3 165.00 in 59

12 0.89 150.7 163.85 in 65

13 0.46 157.1 160.61 in 53

14 0.58 172.2 163.22 in 61

15 0.53 142.4 169.25 in 61

Mean 0.58 148.70 160.89 – 57.20

SD 0.19 14.70 17.20 – 8.87

Fig. 4 Graph of foot-to-foot
Euclidean, d (m) distance
versus speed of the ball
graph, s (km/h) y = 34.149x + 37.354
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Foot to foot Euclidean(m) distance vs speed of the ball graph (km/h)

4 Conclusion

From the analysis and discussion, the results are obtained. The conclusion for this
project is, there are three major kinematic parameters that have been analysed in this
project which is the foot-to-foot distance at pre-serve or extension phase, relative
angle of the knee at pre-serve or extension phase and speed of the ball being served
by the Tekong. From the analysis that has been conducted, the general conclusion
that can be made is the pre-serve motion technique can significantly affect the speed
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Fig. 5 Graph of relative
angle for right knee, A(°) at
pre-serve phase (extension)
versus ball speed, s (m) y = 0.2291x + 23.126
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Fig. 6 Graph of relative
angle for left knee, B(°) at
pre-serve phase (extension)
versus ball speed, s (m)
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Fig. 7 Graph of knee
angle ° versus serve
attempt, n

of the ball served. This statement can be proven via referring to the data that were
tabulated. From the data of the lowest serve speed recorded that is at 31 km/h, the
foot-to-foot distance during pre-serve motion is the lowest among the other data.
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Whereas, the data also shows that when the Tekong extends, the foot at the highest
distance which is at 1.07 m, the Tekong able to serve at highest speed is recorded that
is 69 km/h. For this biomechanics analysis, the mean value for foot-to-foot distance
for the sample selected is 0.58 m and the standard deviation is 0.19 m.

Then, for the relative knee angle analysis, the data tabulated and graph plotted
indicated that there are also significant effects of knee bend level towards the ball
speed being served. From the comparison of both knee angles, the data trend shows
that the right knee of the sample bends more compared to left knee during pre-serve
phase. The angle of bend is also known as flexion angle. It is important for Tekong
to minimize the flexion angle in order to straighten the served leg and serve the
ball at higher point. For the biomechanics analysis on the sample chosen, the mean
value for relative angle for right knee is 148.70°, whereas left knee relative angle is
160.89°. The standard deviation data shows that left knee relatives angle contribute
larger variation data compared to right knee.

The additional parameter that has been analysed throughout the experiment is the
speedof the ball being served. From the data tabulated, the highest ball speed recorded
is 69 km/h. The mean value for ball speed is 57.2 km/h. The standard deviation for
ball speed is 8.87 km/h. It can be claimed that the sample chosen served the ball with
low consistency level.

Therefore, the conclusion that can be made from the biomechanics analysis of
the Sepak Takraw Tekong serve motion is the kinematic parameter selected which
are foot-to-foot Euclidean distance and relative angle of the knee have contributed
towards the overall Tekong performance. It is also proven that the data retrieved from
the Kinect Xbox 360° can be used in order to perform the analysis on the pre-serve
technique of the Tekong sample.
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The Relationship Between Self-efficacy
(Online Version) and 3 m Golf Putting
Distance: A Pilot Study

Mazlan Ismail

Abstract The aim of this pilot study is to determine the relationship between self-
efficacy andputtingperformanceof thegolfers.Hundred and twenty-twomale golfers
participated in this study in three different selected golf clubs. The online version of
golf putting self-efficacy was developed in this study based on the written version
created by the previous study. The 3 m distance was used as a measure in this
study. To achieve the objective of this study, the golfers were required to rate their
belief right before the putting test. The results showed no significant relationship
between self-efficacy and putting performance from the 3m distance. Contrary to the
previous research where golfers perceived shorter distance is the hardest to perform
psychologically. Future research should compare between short- and long-distance
putting, if there is any association between distance and self-efficacy of the golfers.

Keywords E-putting self-efficacy · 3 m distance · Golf putting

1 Introduction

Golf is a game that you play against yourself and is popular among researchers [1–4].
Previous research found that pressure influences golfer’s strokes routine based on
kinematics andmuscular factors [2]. Hence, it is clear that putting is harder to execute
than driving and chipping [5]. Additionally, golfers feel more pressure by the putting
green than by the strokes technique [6].

The relationship between athlete’s self-efficacy and sport performance has become
more popular among sports psychologist [7]. The efficacy influences athlete’s
thoughts and responsive reactions (e.g., worries, goals, attributions) and behavior
(e.g., tenacity, selections, determination) [8]. For example, this can be observed
when a golfer decides on what club to use based on their skills [9].
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Previous studies suggested that there is strong, positive correlation between self-
efficacy on male and female golfers and 6 feet distance putting performance [1, 7].
Previous researchers have developed written self-efficacy scale particularly to mea-
sure putting performance from the specific distance [1]. The results supported the
perspectives of golfers where 6 feet distance was considered the hardest distance
to perform psychologically. However, past researchers had mentioned that trainers
need to find tools that are easy to excess during psychological training [10, 11].
Indirectly, the online version to measure the psychological performance needs to be
developed and helps coaches during training. Additionally, past study used a 3 m
length distance and this was identified as a distance golfers would expect to hole a
putt [12]. Thus, the question remains if there is any significant relationship between
self-efficacy (by using the online version measurement) of golfers and 3 m distance
putting performance.

2 Method

2.1 Participants

Researcher assessed by putting the ability of 122 amateur male golfers aged range
between 20 and 42 years (M � 29.88, SD � 8.48), and with playing experiences
average (M � 4.74, SD � 2.67).

2.2 Instrumentation

Online Version of Putting Self-efficacy Scale (e-Putting Self-efficacy)

For the purpose of this study, the online version self-efficacy scale was developed
based on the scale created by a previous study [1]. The idea to develop this online
measurement was due to the fact that it is mobile and easy to use when practicing
putting at the actual green [10, 11]. As stated by the previous researchers, the written
version was followed by a set of guidelines to construct the golf putting self-efficacy
scale [1, 10]. The measure based on this scale was task-specific, arranged hierarchi-
cally to signify the increasing level of complexity, and concordance with the measure
in performance [12–14]. Also, the homogeneity of items is not necessary since this
scale is a hierarchical scale except the internal reliability [8], and the Cronbach’s
alpha coefficient was 0.86 [1]. Correlation results showed that there is positive rela-
tionship between self-efficacy and putting performance [1]. If the self-efficacy is
increased there will be a corresponding increment in golfers putting scores.

The online version of golf putting self-efficacy scale also requires to rate the
participants level of self-efficacy when putting from a specific distance [1]. Thus,
the self-efficacy scores were based on the ranging scores (e.g., 10 putts; from 900
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Fig. 1 The online version of golf putting self-efficacy assessment

to 1000 scores, 9 putts; from 800 to 899 scores, 8 putts; from 700 to 799 scores, 7
putts; from 600 to 699 scores, 6 putts; from 500 to 599 scores, 5 putts; from 400 to
499 scores, 4 putts; from 300 to 399 scores, 3 putts; from 200 to 299 scores, 2 putts;
100 to 199 scores, 1 putt; 0 to 99 scores) (see Fig. 1). Differences in written scores
were based on a 100-point scale ranging from 0 (unable to do at all) 50 (moderately
able), and 100 (highly certain able) (see Fig. 2).

Putting Scoring

A scoring system used by the previous study was five points given for putts in the
hole, three points for any putts that stop at the lip of the hole but did not get in, two
points awarded for putts that fell over the high side of the hole but did not get in,
and one point for putts that fell by the low side or pull up short [1, 14]. Then, each
participant was awarded a total score of a maximum of 50 points. Meanwhile, in
the online version of putting self-efficacy, each participant was awarded a total score
based only on the number putts in the hole or five points.
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Fig. 2 The written version of golf putting self-efficacy scale

2.3 Procedure

Three golf clubs were selected in this study. An informed consent was given to the
golfers during the initial meeting. In addition, a professional golfer was appointed to
avoid any biasness as well as to provide reference, especially in the technical aspect.

For the purpose of this study, each participant was asked to complete their online
version of golf putting self-efficacy scale (e-putting self-efficacy). They have to key-
in all the information such as name, gender, age, contact number, handicap level, and
years of experience. They also need to key-in distance (3 m distance) at the distance
column. In order to make the participants feel comfortable with their own putting
technique, they were asked to use their own putter [1, 14]. Ten golf balls were also
provided by the researchers. Consistent with the previous study, the present study
uses 10 putting task [15]. The 10 putts were performed by all participants from a
3 m distance at the actual putting green (as approved by the professional golfer).
Furthermore, for each golfer they need to key-in their putting score for each of the
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Table 1 Pearson correlation between self-efficacy and 3 m distance putting performance in male
amateur golfers (N � 122)

Variables 1 2

Self-efficacy –

3 m putting distance 0.01 –

strokes (10 strokes). The scoring system was based on the position of the scoring
system recommended by the previous study.As such if a golfer had 5 points (hole out)
for first stroke, he or she needs to key-in 5 points at the putting score performance
column. Finally, the correlation score was calculated between the total scores of
self-efficacy and total of putting scores (No. of 5 points score). Furthermore, all the
scoreswere printed and analyzed by using SPSS in order to determine the relationship
between the two variables.

3 Results and Discussion

The relationship between self-efficacy (as measured by e-putting self-efficacy) and
3 feet distance putting performance was investigated using Pearson product-moment
correlation coefficient. Preliminary analyzes were performed to ensure no violation
of the assumptions of normality, linearity and homoscedasticity. Table 1 showed that
there was no correlation between two variables r � 0.01, n � 122, p > 0.05. This
result suggested that there was no correlation between self-efficacy on male amateur
golfers and 3 m distance putting performance. Contrary to the previous research
where golfers perceived shorter distance is the hardest to perform psychologically
[12].

4 Conclusion

Clearly, the results of this pilot study indicate that self-efficacy and 3 m distance
putting performance was not significantly related between two variables, i.e., self-
efficacy and 3 m putting distance. As supported by the previous researchers, golfers
are more inclined to perform tasks that they feel efficacious in [1]. Indeed, a person
who is highly efficacious in a particular task will initiate and continue in performing
the task and vice versa [1, 16]. However, individuals who are weak in self-efficacy
will try to avoid a challenging task [17].

Although the previous study has mentioned that the level of self-efficacy among
male golfers is related to short distance particularly the 6 feet distance but not from
the 3 m (10 feet) distance. This pilot study, therefore, allows a number of potential
research questions. For instance, it was discovered that self-efficacy of the golfers
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when putting from 3 m distance is somewhat not related with personal feelings and
believe when playing. This is inconsistent to the 6 feet distance study that revealed
self-belief and confidence may occur during every competition, especially in golf
when golfers putt from the short distance [6, 18]. However, future research should
compare between short- and long-distance putting if there is any association between
distance and self-efficacy of the golfers.

This study most importantly, suggested that the online version or e-Putting self-
efficacy is useful to measure the psychological state of the golfers during imagery
training at the actual environment. Hence, coaches may use the same tool to measure
other distances and explore the level of self-efficacy in a competition condition.
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Association of Spectators Based Brand
Equity (SBBE) and Fans Attendance:
A Case of Selangor Football Fans

Ong Tah Fatt and Muhammad Safuan Bin Aziz

Abstract The concept of brand equity is often used to analyze how a brand can add
value to a product or service. Brand researchers have developed several conceptual-
izations of brands equity in understanding consumer behavior in different industry.
However, there is a paucity of research utilizing the brand equity concepts in com-
prehending sports consumer in supporting successful sports team. Thus, the present
study aims to examine the relationship of brand association and brand awareness with
the attendance of Selangor football fans, utilizing the Spectator-Based Brands Equity
(SBBE) model. Convenience sampling technique was used to involve 150 Selangor
football fans attending football matches in Stadium Shah Alam, as respondents.
Data were collected through self-administered questionnaire. In brand association,
three dimensions with the highest mean are team history (M � 5.99), followed by
commitment (M � 5.81), and team success (M � 5.68). As for brands awareness,
identification (M � 5.78) has a higher mean than internalization (M � 5.37). Both
brand awareness (r � 0.638, p < 0.001), and brand association (r � 0.572, p < 0.001)
are significantly related to attendance of fans. In conclusion, brands awareness plays
a more important role in influencing the attendance of Selangor Football fans. Sev-
eral suggestions are discussed and recommended for Selangor FA to attract more
supporters and sustain fans attendance.

Keywords Brand equity · Brand association · Brand awareness

1 Introduction

Football is the most popular sport not only in Malaysia but also in the world. Pro-
fessional football (soccer) is recognized as the sport with the most followers (and
viewers) on the planet [1]. The most popular football league tournament among
Malaysian spectators is the Malaysia Cup, which is managed by Malaysia Football
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Association (FAM). Malaysia Cup is contested by the top sixteen football clubs in
the country. Selangor Football Association (SFA) has won this Cup for 23 times
(until 2015) since the cup have been introduced in 1921, and is the most successful
team in Malaysia. The Selangor team has a large number of supporters and fans that
indirectly contributed to the success of the team over the years. In Malaysia Cup,
football spectators are increasing every season. It reflects a good development pro-
cess of Malaysian football industry. To enhance positive behavior and attract more
people to support the teams, the associations and the management need to improve
their quality in all aspects to ensure consumers or spectators will continue buying
their products and support the football teams. This is one of the essential market-
ing strategies that need to be emphasized in order to warrant that the product meets
consumer’s choice.

Building a strong brand in consumer’s mind is one of the most important ways for
marketers to achieve the goal of product and brandmanagement [2].Many companies
use the concept of brand equity to understand the success of their product among the
consumers. Brand researchers have developed several conceptualizations of brands
and how brands affect consumer behavior of current and future purchases [3]. Earlier
models—such as Aaker’s [4] brand equity model and Keller’s [5] customer-based
brand equity model—have focused heavily on how consumer perceive and evaluate
brands by investigating certain knowledge structures such as loyalty, awareness, and
perceive quality [4]. Ross [6] has introduced the Spectator-Based Brands Equity
(SBBE) model with an attempt to comprehend how consumer evaluates and choose
a sports service. The SBBE model consists of two components: brand association
and brand awareness. In relation to a sports team, this could be an evaluation tool
for the marketers or sport manager to evaluate and develop strategies which can be
beneficial in developing an effective brands equity for the team. It is also possible
to identify the consumer choice when they support their team based on the elements
outlined in brand association and brands awareness.

Many previous researches on brand equity study have focused on the sports prod-
ucts such as replacement on brand lining [7]. There is a paucity of research on brands
equity in relation to spectators. Previous research by Ross et al. [8] has involved con-
sumers from a National Basketball Association. There are also other studies using
customer-based brand equity (CBBE) which focus on European Clubs, focusing
on their corporate social responsibility (CSR) and engagement impact [1]. Though
Spectator-Based Brand Equity (SBBE) model has been introduced in understand-
ing professional soccer spectators in Portuguese league [9], the model has not been
applied to the localMalaysian soccer spectators or fans. In terms ofmethodology, pre-
vious research has been conducted using online survey technique [9]. The researcher
also suggested that collecting additional data at the actual stadium may contribute
to a more representative sample of the club’s fan base. Thus, the present study aims
to examine the relationship between SBBE and attendance of sports fans involv-
ing Selangor football fans attending matches at the stadium. Specifically, the SBBE
model examines the relationship of brands awareness and brands association toward
the behavioral intention of Selangor football fans to watch matches of Selangor team
at the stadium.
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2 Methodology

2.1 Research Design

The survey method was used to gather information from the Selangor football fans
involving close-ended questionnaire. A convenience sampling technique was uti-
lized, whereby self-administered questionnaire was distributed to 150 Selangor fans
who came to Stadium Shah Alam to support their team. Respondents were met on-
site andwere kindly asked to participate in the survey voluntarily. The researcher was
present throughout the session to answer any question from the respondents, relating
to the questionnaires. No time limit was placed on the respondents to complete the
inventory. The age of the respondents in the studywas at least 18 years old and above.

2.2 Instrumentation

For better comprehension of the respondents, the research questionnaire was pre-
pared in both English andMalay language andwas designed in four sections. The first
section is about demographic background of the respondents, with questions related
to gender, age, race, marital status, and occupation. The second section consists of 29
items, adapted from the Spectator-Based Brand Equity Scale [9], whichmeasures the
nine dimensions of brand association. The nine dimensionswere brandsmark, rivalry,
social interaction, team history, team success, non-player personnel, stadium com-
munity, commitment, and stadium community. In the third section, eight items were
used to measure brand awareness, which comprises two dimensions (identification
and internalization). For the final section, behavioral intention of fans was measured
by four items. Seven-point Likert scale was used for the entire questionnaire. A pilot
study was conducted with 40 respondents to test the validity and reliability of the
survey instrument. Cronbach’s alpha reliability coefficient for brand association was
α � 0.94, brand awareness was α � 0.90, and behavioral intention was α � 0.87.
The instrumentwas considered to have acceptable reliability, with alpha value greater
than 0.70.

2.3 Data Analysis

Data analysis was conducted utilizing the Statistical Package for Social Sciences
(SPSS Ver.21). For demographic variables (gender, age, race, marital status, and
occupation) of respondents, descriptive statistics such as percentage, frequencies,
mean, and ranking was used to explain and describe the findings. Pearson correla-
tion was used to examine the strength of the relationship between the independent
variables (brand association and brand awareness) and dependent variable (behav-
ioral intention).
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Table 1 Demographic profile of respondents

Demographic characteristics Frequency (N) (N � 150) Percentage (%)

Gender Male 121 80.7

Female 29 19.3

Age 18–24 years 54 36.0

25–31 years 62 41.3

32 years and above 34 22.7

Marital status Single 103 68.7

Married 47 31.3

Ethnicity Malay 120 80.0

Chinese 15 10.0

Indian 15 10.0

Occupation Public sector 26 17.3

Private sector 37 24.7

Self-employed 31 20.7

Unemployed 10 6.7

Student 46 30.6

3 Results and Discussion

3.1 Demographic Profile of Respondents

The results of the demographic background of respondents were summarized in
Table 1. In terms of gender, majority of the respondents were male (80.7%), while
19.3% of the respondents were female.

With regards to age group, most of the respondents were young adults with 77.3%
aged from 18 to 31 years old. Corresponding to marital status, single respondents
(68.7%) were more than respondents who are married (31.3%). In terms of ethnicity,
the majority of respondents were Malays (80%), followed by Chinese (10%), and
Indian (10%). The result reflects the true composition of ethnic groups in Malaysia,
wherebyMalay is the dominant ethnic group followed byChinese and Indian.Among
the respondents, student has the highest percentage (30.6%), followed by fans from
the private sectors (24.7%), and self-employed (20.7%).

3.2 Dimensions of Brand Association and Brand Awareness

Table 2 below depicts the descriptive statistic for nine dimensions of brands asso-
ciation that includes team history, commitment, rivalry, team success, brands mark,
stadium community, organizational attributes, social interact, and non-player per-
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Table 2 Descriptive statistics of brands association and brand awareness

Dimensions Mean Std. deviation Rank

Brand association

Team history 5.99 0.87 1

Commitment 5.81 0.81 2

Team success 5.68 0.83 3

Brand mark 5.66 0.35 4

Stadium community 5.64 0.52 5

Organizational attributes 5.52 0.84 6

Social interact 5.52 0.98 7

Non-player personnel 5.52 0.93 8

Rivalry 4.94 0.77 9

Overall mean 5.58 0.76

Brand awareness

Identification 5.78 1.08 1

Internalization 5.37 1.21 2

Overall mean 5.57 1.45

sonnel. Team history dimension has the highest mean of 5.99 compared to other
dimensions in brands association. As for brand awareness, there are two dimensions
identification and internalization. Comparatively, identification dimension has the
higher mean value (m � 5.78), than internalization dimension (m � 5.37)

3.3 Correlation Between Dimensions of Brand Association,
Brand Awareness, and Behavioral Intention

From the result in Table 3, the highest correlation between the dimensions of brands
associated with behavioral intention is “organizational attributes” (r � 0.543). The
second and third highest dimensions are “social interaction” (r � 0.537), and “team
success” (r � 0.507). For the dimensions of brand awareness, “internalization” (r �
0.583) has a higher correlationwith behavioral intention compared to “identification”
dimension (r � 0.583).

Among the dimensions of brands association, “organizational attributes” has the
highest correlation with behavioral intention. Organizational attributes encompass
values and behavior that contribute to the unique social and psychological envi-
ronment of an organization. It was found that Selangor football team had regularly
organizedmeetings and great sessionwith their fans. This kind of programdepicts the
symbolic appreciation of the Selangor to their football fans for their all-time support.
Biscaia et al. [3] has highlighted the importance of non-product-related attributes in
sports organizations. McAlexander et al. [10] agree that implementing annual fan
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Table 3 Correlations between dimensions of brands association, brand awareness and behavioral
intention

Brands association Behavioral intention

Pearson correlation Sig. (2-tailed)

Organizational attributes 0.543** 0.000

Social interaction 0.537** 0.000

Team success 0.507** 0.000

Non-player personnel 0.492** 0.000

Rivalry 0.458** 0.000

Stadium community 0.419** 0.000

Brands mark 0.325** 0.000

Team history 0.309** 0.000

Commitment 0.295** 0.000

Brands awareness

Internalization 0.583** 0.000

Identification 0.537** 0.000

**Correlation is significant at the 0.01 level (2-tailed)

satisfaction survey may prove to be crucial in designing marketing programs that
strengthen fans’ connection with the team, and positively influence their perception
about the organizational attributes.

The “social interaction” dimension of brands association has the second highest
correlation with behavioral intention. Social interaction is recognized as an exchange
between two or more individuals and is a building block of society. In the current
study, respondents indicated that the team offers a place to meet other people and
spend times with friends. It means that many Selangor fans came to the stadium
with their friends to build a positive relationship with others and provide opportu-
nity interacting with their friends. Spectating alone would be boring even the match
is interesting. This is related to the previous study that sharing the sports experi-
ence with other fans is another way of contributing to leveraging the sports team’s
brand [11]. The present finding is consistent with prior research by Bauer et al. [12],
who found that social interaction was a significant predictor of brand association.
Thus, suggesting that the experiential benefits are an important aspect of spectator’s
consumption experience.

“Team success” was the third highest related dimension with behavioral intention.
Teamsuccess reflects the glory that the teamhas achieved in past andpresent, inwhich
fans can remember and cherish. Selangor football team has proven its supremacy in
the Malaysia Cup when the team had won the title for the 33rd time in 2015. With
this unprecedented achievement, the team, in return, has showed their appreciation
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for the support they had received from the fans over the years. As highlighted by
Ross et al. [8], the consistency of a winning team and team success can influence the
brand association dimension.

In terms of correlation between brand awareness and behavioral intention, inter-
nalization dimension (r � 0.583) possess a stronger relationship than the “identifica-
tion” dimension (r � 0.560). The present finding supports the previous study which
found that identification and internalization are important components of brands
association [9, 12]. For internalization, Ross et al. [8] noted that an individual’s psy-
chological connection with a team serves as a gage to his/her awareness of the sport
brand. Keller [5] explained that brand awareness plays an important role in consumer
decision making. In addition, Ross et al. [13] found that identification has a positive
relation with social interaction. Their study suggested that by improving the quality
of concession areas (e.g., partnerships with food companies that fans appreciate), the
teams will boost opportunities for fans to socialize and consequently increase their
levels of identification.

The present research findings support the spectator-based brand equity model that
has been proposed by Ross [6]. Brand association and brand awareness are highly
correlated with the behavioral intention of Selangor football fans’ attendance to the
stadium. Recognizing the important role of “organizational attributes” in influencing
attendance of football fans, managers should consider to promote more meaningful
community program to attract and show appreciation to their fans. Activities such
as hosting charity programs to raise fund helping the community in need, natural
disaster victims or underprivileged community should be promoted. Fulfilling the
community social responsibility (CSR) can indirectly influence the perception of the
fans toward the team and enhance its brand image. This could generate the sense
of belonging of the fans, which further develop a feeling of strong internalization
towards the team.

For future study, it is recommended that more variables could be attempted using
the SBBE model. For example, studies on impact of outcome variables such as
media contracts, media consumption, and merchandise purchase behavior can be
investigated. In the present research, female respondents were very limited. Previ-
ous research has mentioned that spectators perception about sporting events tends
to vary according to gender. Thus, the future study based on gender difference is
recommended. In addition, using SBBE model to examine on other sports and their
attendance could also be attempted.
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Spectators Motivation and Satisfaction
in Local Motorsport Event

Rezian-na Muhammed Kassim

Abstract Motivation and satisfaction have a big impact towards the motorsport
event industry, but it depends on the spectator Furthermore, the localmotorsport event
has become an important industry in Malaysia but untapped market for scientific
research. Therefore, this study examines the relationship between motivation and
satisfaction of spectator of local Motorsport events. This study used the scale of
Facet ofmotivation (SPEED) as amotivation factor. SPEED facets ofmotivationwere
comprised of socialization, performance, excitement, esteem, and diversion. For this
study, an event intercept method was used with a total of 290 respondents. A valid
questionnaire was analysed using Pearson Correlation. The results of the Pearson
Correlation analysis showed that there is a positive correlation between SPEED
facet of motivation and satisfaction. In addition, it was found that all hypotheses are
accepted. Thus, this finding will be used as important information for future research
and organizer.

Keywords Motivation · Satisfaction · Relation · Local motorsport event

1 Introduction

Nowadays, the spectator has become an important element in every sport event. They
have been recognized as a most influent factor of every sport event as a spectators,
are the key constituent of a sport organization’s success [1]. Events are essentially
subjective experiences that are difficult tomeasure, inwhich sportsmen and spectators
alike are actually part of the action [2]. Sport events are important to spectators for
many reasons [3]. This study objective was to applied SPEED Facet of Motivation
and satisfaction. SPEED represents the variables of social, performance, excitement,
esteem and diversion. SPEED is a compilation of core motivational studies and has
been an establishedmodel to test the motivation behavioural of people which leads to
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satisfaction [4], Therefore, satisfaction is an important indicator of for the organizer
to recognize the needs of the spectator been accomplished [3]. Thus, marketer or
organizer of local motorsport event will use the information in order to attract more
spectators. Most of the studies have been focused on the main event rather than local
event motorsport.

Thus, this study focuses on the local Malaysia event to gain better scientific
information about motorsport of motivation and satisfaction. Moreover, motivation
is an inner drive to behave or act in a certain manner [5]. So, there is the need to
find out what motivates people to become spectators and what motivates them to
travel to attend these events [6]. Additionally, limited research has addressed the
satisfaction of sport spectator, with even fewer studies examining the determinants
of this situation [7]. Spectators may be satisfied only when they truly believe that
they have received value for their time and money [8].

2 Research Design

This study utilized the quantitative study whereby the independent variable consists
of Speed Facet of motivation factor (socialization, performance, excitement, esteem
and diversion) and dependent variables is satisfaction. The questionnaire was dis-
tributed by 20 numerators and the event intercept method was used to interview
the spectator (n300) and 290 return back. From the last year data, the population
of 20,000 spectators attended the local motorsport event, therefore 300 sample size
justified enough for the population of 20,000 [9].

3 Results and Findings

3.1 Demographic Result

A total of 300 questionnaires were distributed, of which 290were returned completed
and met the requirement of the study, representing a net response rate of 96% out
of which. Among the 290 respondents, 50.6% were males and 49.4%. As expected,
a majority of them were Malaysian. Most of the respondents were aged from 31 to
40 years old with a rate of 47%. While the rest ranged between 20 and 30 years old
(43%) and 50–64 years old stated 10%. The majority of the races were Malay with
rates of 78%, Chinese and Indian stated 10 and 10% and other 2%
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Factors and item Mean Std. deviation

1. Socialization

To socialize with other 3.95 0.70

To talk with other 3.90 0.70

To interact with others 3.95 0.71

2. Performance

Attraction of the performance 3.91 0.74

The beauty of the event 3.94 0.76

The nature of the event 3.88 0.73

3. Excitement

The excitement surrounding the event 3.81 0.80

The event is very exciting 3.81 0.77

The excitement associated with the event 3.82 0.77

4. Esteem

I am one when the team wins 4.07 0.81

I feel motivated when the team wins 4.11 0.75

I get a sense of accomplishment when the team wins 4.09 0.76

5. Diversion

I can get away from tension 3.90 0.86

Provide break from daily routine 3.92 0.87

Provide distraction from everyday activities 3.89 0.89

3.2 Result of SPEED Factor in Satisfaction

For socialization, the item that has higher mean and standard deviation was ‘To
interact with other’ (M ± SD) (3.95± 0.71). The item that has lowest mean and stan-
dard deviation was ‘To talkingwith other’ (M ± SD) (3.90± 0.70). For performance,
the item that has higher mean and standard deviation of ‘The beauty of the event’
(M ± SD) (3.94 ± 0.76). The item that has lowest mean and standard deviation of
‘The nature of the event’ (M ± SD) (3.88 ± 0.73). For excitement, the item that has
higher mean and standard deviation was ‘The excitement associated with the event’
(M ± SD) (3.82 ± 0.77). The item that has lowest mean and standard deviation was
‘The event is very exciting’ (M ± SD) (3.81 ± 0.77). For esteem, the item that has
higher mean and standard deviation was ‘I feel motivated when the team win’ (M
± SD) (4.11 ± 0.75). The item that has lowest mean and standard deviation was ‘I
am one when the team win’ (M ± SD) (4.07 ± 0.81). For diversion, the item that
has higher mean and standard deviation was ‘Provide break from daily routine’ (M
± SD) (3.92 ± 0.87). The item that has lowest mean and standard deviation was
‘Provide distraction from everyday activities’ (M ± SD) (3.89 ± 0.89).
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3.3 Satisfaction in SPEED Factor

Satisfaction items Means Std. deviation

Socialization
• Meet new people

4.50 0.50

• Contact with other friends 3.93 0.70

Performance
• Chance to learn new things

3.91 0.74

• Develop a new skill 4.20 0.54

Excitement
• There are adventures and excitement

3.82 0.77

• Different uncertainty will happen 4.33 0.67

Esteem
• Keep peace in mind

4.09 0.78

• Its benefits to the society 4.49 0.52

Diversion
• Can escape from pressure

3.90 0.87

• Have a better understanding of myself 4.14 0.68

For the satisfaction of socialization, the item that has higher mean and standard
deviation was ‘Meet new people’ (M ± SD) (4.50 ± 0.50). The item that has lowest
mean and standard deviation was ‘Contact with other’ (M ± SD) (3.93 ± 0.70). For
the satisfaction of performance, the item that has higher mean and standard deviation
was ‘Develop a new skill’ (M ± SD) (4.20 ± 0.54). The item that has lowest mean
and standard deviationwas ‘Chance to learn new things’ (M ±SD) (3.91± 0.74). For
the satisfaction of excitement, the item that has higher mean and standard deviation
was ‘Different uncertainty will happen’ (M ± SD) (4.33 ± 0.67). The item that
has lowest mean and standard deviation was ‘The is adventure and excitement’ (M
± SD) (3.82 ± 0.77). For the satisfaction of esteem, the item that has higher mean
and standard deviation was ‘Its benefits to the society’ (M ± SD) (4.49 ± 0.52).
The item that has lowest mean and standard deviation was ‘Keep peace in mind’
(M ± SD) (4.09 ± 0.780). For the satisfaction of diversion, the item that has higher
mean and standard deviation was ‘Have a better understanding of myself’ (M ± SD)
(4.14 ± 0.680).
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3.4 Result for Pearson Correlation of SPEED Factor
and Satisfaction

Factors Satisfaction (r) P value

Socialization 0.456a 0.00

Performance 0.328a 0.00

Excitement 0.460a 0.00

Esteem 0.294a 0.00

Diversion 0.370a 0.00

aCorrelation is significant at the 0.01 level (2-tailed)

H1 � There is a significant relationship between socialization and satisfaction
at the local Motorsport event. Socialization and satisfaction of the spectator were
moderately correlated, (r � 0.456, 0.00). So, reject H0. H1 is accepted.

H2 � There is a significant relationship between performance and satisfaction
at the local Motorsport event. Performance and satisfaction of the spectator were
moderately correlated, (r � 0.328, 0.00). So, reject H0. H2 is accepted.

H3�There is a significant relationship between excitement and satisfaction at the
localMotorsport event. Excitement and satisfaction of the spectator were moderately
correlated, (r � 0.460, 0.00). So, reject H0. H3 is accepted.

H4 � There is a significant relationship between esteem and satisfaction at local
Motorsport event Esteem and satisfaction of the spectator were moderately corre-
lated, (r � 0.294, 0.00). So, reject H0. H4 is accepted.

H5�There is a significant relationship between diversion and satisfaction at local
Motorsport. Diversion and satisfaction of the spectator were moderately correlated,
(r � 0.370, 0.00). So, reject H0. H5 is accepted.

4 Discussion

Spectators play a significant role in sport events. Having spectators’ support would
motivate the racer enthusiasm on games. Thus, the organizer needs to have more
effort in order to maintain the loyalty of spectator to the local Motorsport event.
SPEED Facet of motivation and satisfaction were important indicators to understand
spectators. SPEED comprises of socialization, performance, excitement, esteem and
diversion. This method was developed by past, researchers based of main motivation
factor [5].

The finding of the relation between SPEED model and satisfaction in the setting
of local motor sport can stand to gain this model allowsmotorsport marketers to fully
comprehend what aspects should be new and unique in order to satisfy the specta-



150 R. M. Kassim

tors. Thus, the sport marketers can create a more meaningful marketing campaign
in looking at socialization and excitement. The limitations of the present research
provide opportunities for further research path to replicate and validate all or parts
of the present research model, in order to determine the robustness of the findings in
other sporting event settings [10].

Further research should also consider the importance of spectator loyalty towards
motorsport as their most preferred sporting event. Perhaps, this prospective research
endeavour could impact more interesting and deeper insights to both academicians
and practitioners.
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Silat Tempur: The Combat Sports
for Children
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Abstract The aim of the current study is to provide the review of Silat Tempur
since it was introduced 2 years ago in Malaysia. Silat Tempur is a mini silat olahraga
sports that focused to the children aged between 7 and 13 years old. The purpose
of this combat sports is to improve the martial arts techniques for young exponents
particularly to those who is still new in competition. The scoring points and rounds of
amatch is similiar asSilatOlahraga.The techniques used are punch, kick, catch, block
and topple down which less than those reported by Shapie et al. (Journal of Combat
Sports and Martial Arts 4:81–86, 2013 [1]) in Silat Olahraga. The high intensity and
intermittent nature in Silat Olahraga (Shapie et al. in Performance analysis of sport
VIII. Magdeburg, Germany, pp. 667–672, 2008 [2]) suggested that the competition
is not appropriate to children. The arena of Silat Olahraga is big (9× 9 m) compared
to one straight line (4 × 9 m) for Silat Tempur. The arena of Silat Tempur is similar
with fencing platform which aimed to ease the exponents to perform the simple silat
techniques such as punching andkicking in competition.Moreover, themovements of
both silat exponents can be controlled to four consecutive strikes for each exponent
to avoid injury. This competition is in line with the national Seni Silat Malaysia
curriculum (Shapie and Elias in Proceedings of the 1st World Congress on Health
and Martial Arts in Interdisciplinary Approach, HMA 2015, p. 213, 2015 [3]) which
emphasized on blocks, punches and kicks for the first two levels (lower phase; white
to blue belt and blue to brown belt).
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1 Introduction

Silat is a martial arts from the Malay ethnic group which is populated in mainland
and islands Southeast Asia. Far from being merely a form of self-defense, martial
arts are a pedagogical method that aims to create a certain culture and social ideals
in the body of practitioner [4]. The word silat means a kind of sport or game, which
consists of quick movements in attacking and defending [5]. Silat olahraga is a sport
that existed in the midst of development of thousands of silat schools in Archipelago
[5]. Olahraga means the ability for a silat exponent to perform his silat techniques
in combat with striking and defensive actions such as punching, kicking, throwing,
catching, parrying and blocking and any skill related to silat techniques [1].

The available literature on adult silat competition suggests that the sport is char-
acterized by brief, high-intensity bouts of activity, short recovery periods and the
need for competitors to repeatedly punch, kick and grapple with their opponent
[1, 6, 7]. The overall intensity of a silat match indicated an exertion intensity close
to the individual’s maximal cardiovascular responses that were sustained throughout
most of the match. This suggests that silat exponents are accustomed to numerous
bouts of high force intensity actions alternating with lower intensity movements
throughout a match [7]. Thus, it was suggested that the competition was not appro-
priate to children particularly to those who are still new in silat competition. It was
reported that even in noncontact martial arts training, enthusiastic blocking tech-
nique may lead to bruising of the forearms in children [8]. The young silat exponents
should be exposed step by step to silat competition based on their skills and level in
silat [3].

The introduction of Silat Tempur competition since 2014 inMalaysia is to prepare
the children in sparring format. It is a platform to establish and develop young athletes
who have the courage, skilled in martial arts techniques and tactical in sports [9]. As
young athletes (and their coaches) aspire to senior success it is important for them
to have an appreciation of and be conditioned towards the demands of elite senior
sport (silat olahraga) using Silat Tempur format. This paper will provide the review
of Silat Tempur as a mini silat olahraga that focus to children.

2 The Sparring Competition in Silat

There are two sparring competition in silat; Silat Olahraga and Silat Tempur. The silat
olahraga competition consists of three divisions according to age and weight either
in male or female participants; youths (aged 12- to 14-year-old), teenager (aged 14-
to 17-year-old) and adults (17-year-old and above) [10]. By the time silat exponents
reach adolescence, it is likely they will be involved in combative competition. Here
the adolescence may be in the period when many silat exponents make the transition
from junior/teenager competition to compete in senior competition.
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The Silat Tempur competition focus on children aged 7–13 years old. The objec-
tives of this competition is to improve the techniques of punching, kicking, avoiding
and blocking based on the Seni Silat Malaysia curriculum [3, 11]. The syllabus
emphasized on blocks, punches and kicks for the first two levels of the curriculum
(lower phase; white to blue belt and blue to brown belt). This competition provides
early preparation for the children to master the basic techniques of silat before they
switch to Silat Olahraga competition once they reach adolescence.

3 Silat Tempur

The purpose of this sport is to improve the silat techniques to children that still new to
sparring format. The competition is based on platform that allowed the silat exponent
to only move forward and backward during the match (Fig. 1). According to Anuar
[12], movement is essentially a straight line either forward or reverse. Thus, the silat
exponents need to master the basic attack and defense techniques in a straight line
which can contribute to points during the match.

Silat Tempur used basic attack and defense methods on a straight line 2 × 9 m
plantar. The platform equippedwith flexible rubbermat (5 cm thick) to protect against
injury. The competition derived from practical martial arts exponents that trained in
pairs. Thus the movement of young silat exponents is controlled and limited to avoid
injury during Silat Tempur match. The arena of Silat Tempur is smaller than Silat
Olahraga (9 × 9 m) to ease the children to perform simple silat techniques such as
kick and punch [5]. Silat Tempur has special rules that established to determine the
game is safe in order to improve the quality of martial arts skills and inspiration [9] to
young athletes. Silat instructor must provide training and understanding of the rules
contending.

According to Shapie and Anuar [13] Silat Tempur has two categories for children
and teenager to participate in this competition. The first category is children aged
from7- to 13-year-old. Themale and female exponents start from classA (20–22 kg)

Fig. 1 The arena of Silat Tempur
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Fig. 2 The Silat Tempur Competition

to free class (50 kg above). Overall, there are 11 classes for both male and females
from age 7- to 13-year-old category, differentiated by 2 kg for each class. The second
category is teenager aged from 14- to 15-year-old. The category starts from class
A (26–30 kg) to free class (61 kg above). This category is differentiated by 5 kg for
each class with eight classes for males and females.

In a Silat Tempur contest, two silat exponents square-off in a 7 m plantar area.
The match consists of three rounds of 2 minutes each with 1-minute interval between
rounds. This is a standard time to all age groups in silat competition. Time stoppages
by the referee are not included in the actual bout time, so the actual duration of each
round and thus total match time is usually longer than the 3 × 2 min scheduled,
respectively.

Silat Tempur is simple silat competition [9] compared to silat olahraga [5, 14]
which contains three main actions of kick, punch and topple down to score points.
Points are awarded by the three judges for toppling an opponent, successful defensive
blocks and offensive punches and kicks to the chest, abdomen and flanks, leg sweeps
and throws [9]. Only strikes with either the arms or legs are considered legal. Unlike
other competitive martial arts, the launch of any attack and defense movement must
be initiated with specific coordinated silat “step patterns”, otherwise points scored
will not be valid. The silat step patterns are something that makes silat different to
other martial arts. Every movement in a silat contest must be in silat posture (Fig. 2).
It should not be similar like jumping in karate and taekwondo or the silat exponents
will be panelised points. The exponent scoring the highest number of points or who
knocks his opponent out wins [15].

The instruction is given by the wasit or referee (Fig. 2). There were two main
instructions such as “Sedia, Pasang” and “Henti. Sedia” or “Pasang” define partic-
ipants should be prepared while “Henti” is define as participants need to stop and
prepared in each corner. The assumption is based on the rules of silat olahraga com-
petition, which required the exponent to develop a competing pattern which consists
of “sikap pasang” (silat posture), “pola langkah” (step pattern), measuring the dis-
tance against the opponent, coordination in performing an attack/defense, and finally
return to “sikap pasang” [5]. “Rest” would typically be all the actions that happen in
the round when the referee gives the command “henti” or “stop”.
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4 Techniques in Silat Tempur

Silat is a system that consists of positions andmovements.When the athlete ismoving
in silat pola langkah, the positions and movements change continuously. As soon as
one finds an opening target in their opponent’s defense, he or she will try to finish
the opponent with a fast attack. However in Silat Tempur competition there were five
commans silat techniques used during the sparring such as punch, kick, block, catch
and topple. All five silat exponent techniques can be defined as follows:

i. Punch: The punch “tumbuk” attack is done by a hand with a closed fist hitting
the target. In silat, punching is often used to fight the opponent. It can be a
straight punch “tumbuk lurus” or uppercut “sauk” to the exponent body’s [5].

ii. Kick: The kick “tendang/terajang” is an attackingmovementwhich is performed
with one leg or two legs simultaneously. A kick can be aimed at any target. It
can be front kick “ tendang depan”, sidekick “depak” or semi-circular sidekick
“tendang lengkar” [5].

iii. Block: The blockingmovements beginwith the posture position “sikap pasang”:
the exponent stands straight with his hands around his body or close to his chest.
Blocking or parrying “tangkisan” can be done using arms, elbows and legs with
the purpose to block off or striking back at any attack [5].

iv. Catch: The catch “tangkapan” is done by using the hand to obstruct the opponent
from carrying out an attack. The silat exponent is able to prevent himself from
being attacked by pointing the attackwhich he has caught to another direction. A
catch which twists or drags the opponent is forbidden. Also, a catch which could
break the part which is being held such as the leg and waist is also forbidden.
These regulations exist to protect the silat exponent’s [5].

v. Topple: There are various ways of toppling down one’s opponent. For example,
a silat exponent “pesilat” can either push, shove the opponent’s back leg from the
bag or from the side, shove, hit, kick, strike or punch to make the opponent lose
his balance. Every fall is considered valid as long as the silat exponent topples
his opponent down without wrestling or he is able to overpower the opponent
whom he has brought down [5].

Just like silat olahraga, there are several other skills that contribute to success
in Silat Tempur performance where every aspect of these skills will contribute to
success of the fighter. There are swipe, block, dodge/evade, topple down such as
(i.e., scissors skills “guntingan”), jump, fake punch, fake kick and fake swipe. All of
these skills will contribute on the attacking and defensive movements made by each
fighter during the competition. However, not all of these techniques are necessary to
the beginners in silat. As this is a subjective sport, it is important for each exponent
to make a clear strike that can be observed by the judges. Thus, several factors will
also influence the game such as injury and error of marking.

Silat competition rules stated that an exponent is allowed up to four consecutive
punches and/or kicks to the opponent during a single attack, upon which the referee
immediately breaks off the confrontation [2].
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Table 1 Number of participations in Silat Tempur Competition 2014–2015

Tournament Male Athletes
(pax)

Female Athletes
(pax)

Total
(pax)

National Silat Tempur Competition 2014
(Universiti Malaya, Kuala Lumpur)

43 13 56

National Silat Tempur Competition 2014
(Universiti Teknologi MARA,
Seremban 3, Negeri Sembilan)

63 27 100

National Silat Tempur Competition
––Piala Aminuddin Anuar 2015
(Bandar Baru Bangi)

63 39 102

Total 169 79 248

5 Silat Tempur Competition

The first national Silat Tempur competition was held at Universiti Malaya, Kuala
LumpurMalaysia on April 11–13, 2014. The tournament was participated by 56 silat
exponents from Kuala Lumpur, Selangor, Putrajaya, Melaka and Negeri Sembilan.
The best male and female silat exponents in children category were Syamil Azim
bin Nasahruddin (Kuala Lumpur) and Puteri Elissa Sarah Mohamad Nizam (Kuala
Lumpur). While the best male and female silat exponents in teenager category were
Mohamad Shazwan Arief (Selangor) and Nurul Nadia Fatin (Selangor).

The second national Silat Tempur competition was held at Universiti Malaya,
Kuala Lumpur Malaysia on August 22–24, 2014. The tournament was participated
by 100 silat exponents from Kuala Lumpur, Selangor, Putrajaya, Melaka, Johor and
Negeri Sembilan. The number of participations increased compared to the previous
competition due to the strong support from the Ministry (Table 1). The best male
and female silat exponents in children category were Syamil Azim bin Nasahrud-
din (Kuala Lumpur) and Putri Nor Arisa (Negeri Sembilan). While the best male
and female silat exponents in teenager category were Mohamad Shazwan Arief
(Selangor) and Nurul Nadia Fatin (Selangor).

The third national Silat Tempur competition also known as Piala Aminuddin
Anuar was held at Main Hall, Seksyen 7, Bandar Baru Bangi on 9–10 Mei 2015.
The tournament was participated by 102 silat exponents from Kuala Lumpur, Perak,
Selangor, Putrajaya, Melaka, Johor and Negeri Sembilan. The best silat exponents in
children category was Puteri Elissa Sarah Mohamad Nizam (Kuala Lumpur). While,
the silat exponents in teenager category was Mohamad Shazwan Arief (Selangor)
and Nurul Nadia Fatin (Selangor). The overall champion for third consecutive times
of national Silat Tempur competition was Selangor.

All three tournaments attracted many silat exponents either in the primary
(7–12 years old) or secondary levels (13 years and above). The average fighter who
competed was the new faces and senior who has competed since the first series of
the game at the University of Malaya in April 2014.
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6 Conclusion

Silat Tempur is amini silat olahraga sport that specific to the children aged 7–13 years
old. The purpose of this competition is to improve the silat techniques for young
athletes that still new to competition. Moreover, it is a platform to prepare the young
athletes before competing in silat olahraga. This is particularly true as the arena
for Silat Tempur is smaller compare to silat olahraga. Thus, most athletes used five
basic techniques for actions which were block, punch, kick, catch and topple down
in spar. Not every technique that was reported by Shapie and co. [1] is necessarily
implemented in the Silat Tempur competition.
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Differences in Selected Performance
Indicator Between Winning and Losing
Team in Rugby Seven: Case Study
on Vancouver World Rugby Seven Series
2015/2016 Season

Tuan Ainon Tuan Muda, Nurul Ain Muhammad Rafiai
and Norasrudin Sulaiman

Abstract This cross-sectional study conducted to determine the differences in
selected performance indicator between winning and losing teams in Vancouver
World Rugby Series season 2015/2016. A total of 45 matches in this tournament
were analyzed using hand notational analysis. The data analyzed using Statistical
Package for Social Science version 19 (SPSS ver. 19) with the significance level
was set at p < 0.05. Mann–Whitney Test was used to determine the differences in
selected performance indicator betweenwinning teams and losing teams. There were
five significant indicators (try scoring, conversion, line out lost, line break, and turn
over won) from the overall eighteen performance indicator that used in this study.
Finding from this research will be suggested to coach to be implemented in training
to prepare a winning team.

Keywords Performance analysis · Performance indicator · Rugby seven
Winning team · Losing team · Team sport

1 Introduction

Seven a side rugby also known as rugby seven has developed since 1883 in Scotland,
from recreation game and then become a competitive sport. It has been boosted by
the Rugby World cup that was held in every 4 years and the annual 10 tournaments
the International Rugby Board’s World Rugby Seven Series that run from December
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to June in the following years [1, 2]. Besides, in the upcoming Olympic Games Rio
2016, we will see the Olympic debut of Rugby Seven.

Rugby seven is a complex team sport that required combination of fitness and
physical ability, highly execution of technical skill and tactical strategies for success
in each tournament [3]. Recent studies also state that in rugby seven, the player is not
much different between each other across the position, unlike the rugby union where
there have differences between forward and backline player [4]. Match format also
differs from rugby union, rugby seven was played by seven players per team and the
tournament only played by 2 days with shorter playing duration 7 min per half with
2 min half time and for the final match, the game will be longer 10 min for each side
in the final match. In contrast, rugby union played by 15 players on each side and
the tournament usually will play up to seven days. The game will play for 40 min
per half with 15 min rest time interval [3, 4].

In higher level of sporting event, the scientific and analytic support need to be
investigate in order to improve and maximize the sporting performance [5] along
with that identifying performance indicator in high-level sport are need to be per-
form stated by Hughes and Barlett [6] and James et al. [7]. Information about an
individual or team performance can be a crucial factor either their team is winning
or losing. Thus, sports performance analysis needs to be done in order to analyze
either individual or team performance in order to increase and maximize the quality
of rugby seven in all levels of the match. In order to increase the quality of the rugby
seven, an identification which performance indicator that is influential in discrimi-
nate between winning and losing team needs to be done. Because of the performance
analysis, the entire management team, coaches, and player can identify which strate-
gies and tactical approach of their own team need to possess in order to succeed and
also by analyzing opponent team strategy and tactical may give higher chances to
win the game. An understanding of all indicators will contribute to the development
of varied tactical approaches in this game and make rugby seven more exciting and
complex in the future.

2 Research Design

The study will conduct to identify the differences in performance indicator between
winning and losing team in Vancouver Rugby seven 2016. Total 45 matches were
taken from official website of organizer [8]. A cross-sectional design will be used in
this study and the video will analyze to get the result. Performance indicators that are
chosen will be present as independent variables because the outcome will be based
on individual and team performance itself. There were total 45 matches will analyze
using hand national analysis system and will run the data using statistical analyze
version 19.
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3 Sampling

Subject for this study is all 16 teams that compete in HSBC Rugby World Seven
Series: Vancouver, Canada. Team that participated was from Argentina, Australia,
Brazil, Canada, England, Fiji, France,Kenya,NewZealand, Portugal, Russia, Samoa,
Scotland, South Africa, United States of America and Wales. Video of a total of 45
matches from this tournament are analyzed fromHSBCRugby Seven official website
[8]. A total of 45 matches were analyzed.

4 Instrumentation

Hand Notational Form

Hand notational form is used to mark the frequency of performance indicator happen
during the video review. For this study, the researcher will use post-match video
analysis where the video was taken from the official website. The video player and a
laptop are needed to use during analysis of the video along with the hand notational
form.

5 Data Collection Procedure

The total 45 matches (n � 45) were analyzed and the video was taken from the
official website of rugby seven. A laptop with the video player and hand notational
form are needed in order to analyze the video. The frequency of each indicator will
be recorded in the form. They were various types of indicator related to the rugby.
The indicators chosen in these studies were adopted based on the result of previous
findings [1, 3, 9–11].

6 Results and Discussion

Table 1 below shows the selected performance indicators used in this study. While
result of the mean and standard deviation between winning teams and losing teams
in Vancouver World Rugby Series 2015/16 showed in Table 2.
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Table 1 Selected
performance indicator

No. Performance indicator

1. Tried score

2. Conversion

3. Scrum won

4. Scrum lost

5. Lineout won

6. Lineout lost

7. Penalty conceded

8. Successful ruck

9. Unsuccessful ruck

10. Successful mauls

11. Unsuccessful mauls

12. Turnover won

13. Passed completed

14. Tackle made

15. Tackle missed

16. Knock on

17. Forward pass

18. Line break

7 Discussion

From the result, try score and conversion in winning team (try score 4.31 ± 1.743,
conversion 2.71± 1.590) showed high significant difference compared to losing team
(try score 1.56± 1.139, conversion 0.87± 0.842), in scrum, it show small difference
in mean between winning team (scrum won 1.31 ± 1.104, scrum lost 0.13 ± 0.405)
losing team (scrum won 1.33 ± 1.206, scrum lost 0.22 ± 0.517), for lineout also
shows slightly difference in mean between winning team (line out won 1.09± 1.125,
lineout lost 0.07 ± 0.252) compared to losing team (line out won 0.87 ± 0.842, line
out lost 0.36 ± 0.712).

Next, in ruck and maul, there were no significant difference compared between
winning team (successful ruck 7.24 ± 4.200, unsuccessful ruck 0.40 ± 0.720,
successful maul 0.04 ± 0.208, unsuccessful maul 0.09 ± 0.288) and losing team
(successful ruck 8.11 ± 4.041, unsuccessful ruck 0.76 ± 1.300, successful maul
0.09± 0.288, unsuccessful maul 0), in tackle made, penalty conceded, knock on and
forward pass show least significant difference between winning team (tackle made
13.29 ± 5.802, penalty conceded 2.84 ± 1.609, knock on 0.64 ± 0.712, forward
pass 0.27 ± 0.495) and losing team (tackle made 12.53 ± 6.148, penalty conceded
2.69 ± 1.807, knock on 0.80 ± 0.894, forward pass 0.29 ± 0.506).
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Table 2 Descriptive data between winning and losing team

Indicator Result N Mean Std. deviation

Try score Winning 45 4.31 1.743

Losing 1.56 1.139

Conversion Winning 45 2.71 1.590

Losing 0.87 0.842

Scrum won Winning 45 1.31 1.104

Losing 1.33 1.206

Scrum lost Winning 45 0.13 0.405

Losing 0.22 0.517

Lineout won Winning 45 1.09 1.125

Losing 0.87 0.842

Lineout lost Winning 45 0.07 0.252

Losing 0.36 0.712

Successful ruck Winning 45 7.24 4.200

Losing 8.11 4.041

Unsuccessful ruck Winning 45 0.40 0.720

Losing 0.76 1.300

Successful maul Winning 45 0.04 0.208

Losing 0.09 0.288

Unsuccessful maul Winning 45 0.02 0.149

Losing 0 0

Tackle made Winning 45 13.29 5.802

Losing 12.53 6.148

Tackle missed Winning 45 3.84 2.316

Losing 5.36 2.715

Penalty conceded Winning 45 2.84 1.609

Losing 2.69 1.807

Passed completed Winning 45 30.36 10.938

Losing 26.16 11.872

Knock on Winning 45 0.64 0.712

Losing 0.80 0.894

Forward pass Winning 45 0.27 0.495

Losing 0.29 0.506

Line break Winning 45 1.87 1.160

Losing 0.56 0.693

Turnover won Winning 45 1.04 1.127

Losing 0.58 0.812
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For tackle missed and passed completed it showed average significant in winning
team (tackle missed 3.84 ± 2.316, passed completed 30.36 ± 10.938) compared to
losing team (tackle missed 5.36 ± 2.715, passed completed 26.16 ± 11.872) and for
a line break and turn over won data showed significant differences between winning
(line break 1.87 ± 1.160, turnover won 1.04 ± 1.27) and losing team (line break
0.56 ± 0.693, turnover won 0.58 ± 0.812).

The winning team was excellent in try score and conversion where these two
indicators are the main components to win the game. Winning team scores more on
try and conversion compared to the losing team. It is indicated that utilizing the chance
of giving conversion after a successful try is important, and it can be inferred that the
winning team are stronger in offense play than the losing team. According to study by
Ortega et al. [9] also found the same result where the try score and conversion were
significantly different between winning and losing team and the study by Sulaiman
et al. [10] showed only in try score was significant. While in lineout lost, it differs
where the current result showed the positive result and previous study by Ortega et al.
[9] showed there was no significance between the winning team and losing team.

Besides that, the winning team also found significantly higher in a line break
and average in turnover won. Rugby seven has greater space, from the result shows
winning team have more successful online break and it might be due to pattern play
of each team, individual characteristic and the tactics used by the player on team.
Turnover won demonstrate that the winning team is losing fewer balls in the play
compare to losing team. In lineout lost, there is an average significance compared
between both teams. It shows that winning teammakes fewer mistakes in lineout lost
because the losing team having greater mean compared to winning team. The study
by Ortega et al. [9] also found significant differences in turnover won but the study
does not included line break as their performance indicator.

In contrast, in set piece play both team shown no significant difference between
winning and losing in the present study. Scrum won, scrum lost, lineout won, suc-
cessful maul, unsuccessful maul, successful ruck and unsuccessful ruck associated
with ball gaining phase in development of attacking play. This current result different
stated by Ortega et al. [9]. Where the result showed the winning team significantly
won more maul than losing team. The difference between the results may be related
to the methodological, sampling variation, or the changing of pattern play in inter-
national rugby seven [12].

In tackling made, tackle missed, passes completed, penalty conceded, knock on,
and forward pass shows no significant difference between both teams in ruby seven.
Tackle is a defensive play in order to regain the ball possession in rugby seven shows
no significant difference between winning and losing team and this might because
they have greater space on one to another besides the fast phase of rugby seven unlike
rugby union where the game are more compact [3]. Next, in penalty conceded also
no significant and in passed completed, knock on and forward pass also does not
have any significance in rugby seven Vancouver Rugby Seven Series.

Team performance indicator described in this study is formed of tactical and
technical elements that have a relationship between chances of winning team. This
study helps to clarify the element or indicators that differentiate the winning team.
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Although this study outcome is different with previous study and it might differ
with coaches belief, but the coaches must consider the multicomponent related to
performance in rugby, the changes of the pattern play, and the also the level of
competition itself.

8 Conclusion

As a conclusion, in this study, 45 matches Vancouver Rugby Seven Series were ana-
lyzed and the overall result showed certain performance indicators that is significant
where try scoring, conversion, line out lost, line break, and turn over won are only
significantly different between the winning and the losing team. It showed that in the
higher competition, the team that fully seized the opportunity differentiates the team,
whether their team becomes awinner or loser. The another 13 performance indicators
used in this studywere not significant scrumwon, scrum lost, lineout won, successful
ruck, unsuccessful ruck, successful maul, unsuccessful maul, tackles made, tackle
missed, passed completed, knock on, forward pass, and penalty conceded.

The coaches may use this result of the study as references to monitor their team
performance in the game. Besides, coaches and development team can develop the
strategies and build more varying training system that will improve the team perfor-
mance overall to increase the chances to win in each match. Athletes also can use this
result to increase the individual performance by avoiding the behaviors or indicator
that is higher in losing team. Official person also get benefits from this study where
they can refer the current study to see the development and the quality, pattern play,
where it will constantly change with time.

References

1. Hughes, M., & Jones, R. (2005). Patterns of play of successful and unsuccessful teams in men’s
7-a-side rugby union, pp. 252–258.

2. Rooyen, M. K. V., Lombard, C., & Noakes, T. D. (2005). Playing demands of sevens rugby
during the 2005 rugby world cup sevens tournament.

3. Higham, D. G., Hopkins, W. G., Pyne, D. B., & Anson, J. M. (2014). Performance indicators
related to points scoring and winning in international rugby sevens. Journal of Sports Science
and Medicine, 13, 358–364.

4. Ross, A., Gill, N., & Cronin, J. (2014). Match analysis and player characteristics in rugby
sevens. Sports Medicine (Auckland, N. Z.), 44(3), 357–367. https://doi.org/10.1007/s40279-0
13-0123-0.

5. Vaz, L., Mouchet, A., Carreras, D., & Oria, H. M. (2011). The importance of rugby game-
related statistics to discriminate winners and losers at the elite level competitions in close and
balanced games. International Journal of Performance Analysis in Sport, 11, 130–141.

6. Hughes, M., & Barlett, R. M. (2002). The use of performance indicators in performance anal-
ysis. Journal of Sports Sciences, 20(10).

https://doi.org/10.1007/s40279-013-0123-0


166 T. A. T. Muda et al.

7. James, N., Mellalieu, S. D., & Jones, N. M. (2005). The development of position-specific
performance indicators in professional rugby union. Journal of Sports Sciences, 23(1), 63–72.
https://doi.org/10.1080/02640410410001730106.

8. World Rugby. (2016). World Rugby HSBC Sevens Series. http://www.worldrugby.org/sevens-
series/video/events/1613#allmatches

9. Ortega, E., Villarejo, D., & Palao, J. M. (2009). Differences in game statistics between winning
and losing rugby teams in the six nations tournament. Journal of Sports Science and Medicine,
8, 523–527.

10. Sulaiman, N., Azahan, A. A., Adnan, R., & Ismail, S. I. (2016). Differences in game statistics
between winning and losing teams in 2011 rugby world cup, pp. 159–168. https://doi.org/10.
1007/978-981-287-691-1_17

11. Vaz, L., Rooyen, M. V., & Sampaio, J. (2010). Rugby game-related statistics that discriminate
between winning and losing teams in IRB and super twelve close games. Journal of Sports
Science and Medicine, 9, 51–55.

12. Higham, D. G., Hopkins, W. G., Pyne, D. B., & Anson, J. M. (2014b). Relationships between
rugby sevens performance indicators and international tournament outcomes. Journal of Quan-
titative Analysis in Sports, 10(1). https://doi.org/10.1515/jqas-2013-0095.

https://doi.org/10.1080/02640410410001730106
http://www.worldrugby.org/sevens-series/video/events/1613#allmatches
https://doi.org/10.1007/978-981-287-691-1_17
https://doi.org/10.1515/jqas-2013-0095


Marker-Less Motion Analysis of Turning
Kick in Taekwondo

Shariman Ismadi Ismail, Nur Syazwani Abdu Razak
and Norasrudin Sulaiman

Abstract This study presents amarker-lessmethod tomeasure Taekwondo athletes’
kicking velocity, and total kinetic energy generated from themovement. In this study,
twelve (n �12) national-level male Taekwondo athletes from three age categories
(12–14 years old, 15–17 years old, and 18 years old and above) were recruited. All
athletes were requested to perform turning kicks using back and front leg. Their
movements were recorded using a marker-less motion analysis system that consists
of a depth sensor (Kinect) and motion analysis software (Virtual Sensei Lite). The
results reveal that the average kicking speed for the age categories of 18 years old
and above meets the typical range of turning kick velocity that was reported in a
previous study using conventional methods of measurement. In terms of the total
kinetic energy produced during the movement, the average value is comparable to
the value thatwas previously investigated using the conventionalmeasuringmethods.
However, the usage of total kinetic energy data that were obtained in this study should
be consideredwith caution. The large values of standard deviation in the data indicate
that large variation existed in the data set. This is not the casewith the kicking velocity
data, which has shown significantly smaller standard deviation values.

Keywords Motion analysis · Marker less · Taekwondo · Kick

1 Introduction

Taekwondo is a sport originally fromKoreanmartial arts. It is primarily used for self-
defense, involving skillful techniques with powerful kicks directly to an opponent’s
head or upper trunk. This sport relies on speed, perfect agility, tactics, and power.
The reaction time and response to an opponent are key elements to victory during a
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fight [1]. Taekwondo has been an official sport in the Summer Olympics since the
year 2000 at Sydney, Australia.

According to Lee [2], the turning kick is the most common technique that is used
to score points compared to other kicking, and is the fastest kicking technique in
Taekwondo. The athlete performs a turning kick by the dominant or nondominant
leg in a competition. The turning kick shows the highest peak kicking velocity among
all kicks such as the chopping kick, back kick, and backswing [3].

It was previously investigated that the average maximum kicking velocity of the
turning kick is between 12 and 16 m/s [4]. It was also previously reported that the
impact force produced by the turning kick is around 1020 N [4]. However, there are
no previous studies that investigate the kicking executed from the total amount of
kinetic energy perspective. Total kinetic energy generated from a kicking motion can
explain how much kinetic energy is generated from kick execution.

Measuring kinematics and kinetics parameters requires specific equipment that
can be expensive. Conventional motion analysis requiresmarker-based infrared cam-
era systems that are commonly equippedwith a force plate system in order to perform
kinematic and kinetic analysis. Recent advancements in motion analysis show that
marker-less motion analysis is increasingly gaining the attention of researchers. This
is because it is cost efficient [5–7] and reliable [8]. This study utilized themarker-less
motion analysis method to investigate the turning kick movement in Taekwondo.

The main objective of this study is to demonstrate that a marker-less motion
analysis system is capable ofmeasuring important kinematics andkinetics parameters
of the turning kick in Taekwondo.

2 Method

2.1 Participants

This study involves twelve (n�12) national-level male Taekwondo athletes from
three age categories (12–14 years old, 15–17 years old, and 18 years old and above).
Theywere recruited fromMajlis SukanNegara (MSN) at Bukit Jalil among the junior
and senior national teams, and also among the Bakat Team fromMajlis Sukan Negeri
Terengganu (MSNT). They are all physically healthy and free from any injuries.
Consent was granted from the athletes and their parents (for athletes aged 17 and
below) prior to the study. Four subjects were chosen for each age category.
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2.2 Instrumentation

A marker-less motion capture system was used to record subjects’ movements
(Fig. 1). A Kinect depth sensor was used as the recorder. The depth sensor was inte-
grated with a special software, Virtual Sensei Lite, in order to measure the kicking
velocity and the total kinetic energy performed by the subjects. Based on the captured
sequence of motion, the Virtual Sensei Lite produced the velocity and energy data.
This data can then be transferred to other spreadsheet software for further analysis.

2.3 Procedures and Analysis

Participants were asked to perform three trials of turning kicks (Fig. 2) executed
by the back leg, and another three trials by the front leg. The mean and standard
deviation values were taken and split into three age groups.

Fig. 1 a Depth camera. b Calibration procedure. c Kicking session
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Fig. 2 Example of stages of turning kick execution

3 Results and Discussion

Below are the results of the study. Table 1 shows the average turning kick velocity
(meter per second�m/s) for each age category, while Table 2 shows the average
total kinetic energy (Joule� J) for each age category.

The results demonstrate that a marker-less motion analysis system is capable of
measuring the kicking velocity and the total kinetic energy of the kicking movement.
Based on Table 1, we can see the average turning kick velocity for age category 18
and above ranges between 12 and 14 m/s for both types of kicking. This range is

Table 1 Average turning kick velocity

Age category Back kick vel. (m/s) (std. dev.) Front kick vel. (m/s) (std. dev.)

12–14 9.06
(0.88)

9.24
(1.24)

15–17 9.37
(1.34)

9.86
(1.21)

18 and above 12.23
(2.19)

14.40
(3.10)

Table 2 Average total kinetic energy

Age category Back kick TKE (J) (std. dev.) Front kick TKE (J) (std. dev.)

12–14 1142.75
(203.4)

1639.75
(318)

15–17 1174.25
(50.43)

1821.50
(70.4)

18 and above 2315.25
(254)

2870.00
(274)
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close to what was reported by Wasik [4], where the average kicking velocity of the
turning kick was found to be between 12 and 16 m/s for adult Taekwondo athletes.

Table 1 also indicates that the average kicking velocity for age categories 12–14
and 15–17 are similar, in the range of 9–10 m/s for both kicking types.

This study also demonstrates that the measurement of the total kinetic energy
produced during the kicking movement can be performed. The results show that the
kinetic energy increases as the age increases. This is probably due to the increment
of the athlete’s mass as the age increases. The mass will influence the amount of total
kinetic energy produced. However, the usage of the total kinetic energy data obtained
from this study should be considered with caution. This is due to the large values of
standard deviation across the data, indicating that a large variation exists in the data
set. This is not the case with the kicking velocity data, which shows significantly
smaller standard deviation values.

Meanwhile, it is difficult to compare the results between the total kinetic energy
obtained in this study with other studies because of different measurement values.
In order to create a feasible comparison, several assumptions need to be established.
Previous studies [4] highlight that the impact force produced during the turning
kick is around 1020 N. If assumptions were made that the average male height is
173.1 cm [9], and the turning kick effective length is based on the leg length [10],
which represents 24.7% of the total body height, we can estimate that the effective
distance of the kicking leg during the turning kick is around 50 cm. If we use this
value and assume that the impact force during the turning kick is around 1020 N,
it can be estimated that the impact force of 1020 N was produced with an average
energy of 510 Nm (510 Nm�510 J) during the impact phase. The total kinetic
energy obtained from the turning kick of age group 18 and above is in the range of
2300–2800 J. The larger amount of average total kinetic energy during the kicking
execution when compared to the energy that was produced during the impact phase
is logical because there are energy losses during the impact phase. There is a need to
estimate the kicking efficiency, similar to the concept of the coefficient of restitution
during turning kick impact, should this scenario need further clarification.

4 Conclusion

This study provides a low-cost method to measure kicking velocity and total kinetic
energy generated from a Taekwondo turning kick motion. The kicking velocity data
indicates that this method is acceptable. However, the total kinetic energy data sug-
gests that further clarification is still required in order to confirm its reliability and
validity.
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Differences in Variable Goal Scoring
Characteristics Between Winning
and Losing Team in AFF Futsal
Tournament 2014

Norasrudin Sulaiman, Siti Hartini Azmi and Shariman Ismadi Ismail

Abstract This study aims to analyze and investigate the differences in goal scoring
characteristics among winning and losing teams in the AFF Futsal Tournament,
2014. The independent variable (IV) represents the two separated groups, winning
and losing teams; while the dependent variable (DV) represents the variable goal
scoring characteristic. The sample is divided into two groups that consist of 24
samples (matches). In this study, the Wilcoxon signed-rank test or nonparametric
test was used to make a comparison between the two sets of scores that come from
the same participants, which are winning teams and losing teams, which come from
the same group. The purposive sampling technique was used to obtain a sample from
the target population of the study. The subjects were all selected from the AFF Futsal
Tournaments, 2014. The analysis results show that there is a significant difference in
terms of goal scoring characteristics based on open play (p <0.05, for seven out of
eight variables) and set play (p <0.05, for two out of five variables) situation when
compared between the winning and the losing team. Due to these results, teams
in the winning group have a better gameplay, good game technicals, and tacticals.
Meanwhile, the teams in the losing group do not have good tacticals and need to give
more attention to their weaknesses.

Keywords Performance analysis · Performance indicators · Futsal · Goal scoring
characteristics
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1 Introduction

Futsal is a sport that involves five-versus-five players in an indoor soccer match.
This sport was introduced in 1930 in Uruguay and Brazil. The aim of this sport is
slightly different from football, as it is played in restricted spaces [1]. This sport is
also organized by FIFA, similar to football. This sport is played by both men and
women. There are some specific characteristics that are required for those involved
in this sport because Futsal is an intermittent sport that is demanding of high physical
aspects, good technical ability, and also has tactical demands on players.

Performance analysis is an important way to use or analyze sports for giving
feedback on whether there are positive or negative effects of performance by the
team, or individual skills. The performance analysis can be carried out in several
ways to determine weaknesses, or to improve the overall performance of the athletes.
Some sports use feedback through videos and computerized versions of performance
analysis. Performance analysis can also cover almost all the factors related to the
game, so the coach and the athletes can observe their positive and negative actions
through the game, and use this to improve performance. Some of the analyses that
can be analyzed by the performance analysis are strategies, playing patterns, scoring
points, etc. [2].

Nowadays, sport organizations and coaches use performance analyses to enhance
the performance of their players and teams. The performance analyses are usually
used by the coach to know the weaknesses and strengths through related equipment
such as video cameras and computerized software. Performance analyses can also be
used by the coach as a platform to enhance matches and strategies. The combinations
of sports and technologies nowadays are becoming popular or highly demanding,
and are mostly used by professional teams in all sports such as football, hockey, and
basketball.

Futsal has become a fast sport because the movement of the game is highly
demanding of physical fitness.Besides that, the players are free to change to substitute
and play again. So, the players usually have some time to recover and the team will
remain in the fast phase of the game. Performance analyses can be a medium to the
coach or athletes to enhance their performance. The coach will take the results from
the performance analysis such as game plays, strategies, weaknesses, advantages of
their team, and can then improve through their knowledge of the game so the players
or team can change a pattern or performance to obtain better results.

2 Method

2.1 Research Design

In this study, the type of research design was a descriptive analysis study. In this
study, the researcher used the Wilcoxon Signed-Rank Test using SPSS Statistics to
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Table 1 Selected performance indicators

Groups of variables Variables

Variables related to winning teams Set play, open play, whom, from a distance

Variables related to losing teams Set play, open play, whom, from a distance

gather, identify and measure the data. This test was conducted at the field and at a
laboratory. The field involved is Stadium Malawati Shah Alam. The laboratory test
was conducted at the Performance Analysis Laboratory of Faculty of Sport Science
and Recreation of UiTM Shah Alam. The laboratory was chosen because it has a
complete infrastructure for sport coding. A number of 10 teams from Asian country
Futsal teams were involved, with a total of 24 matches. The researcher recorded the
data after every game.

2.2 Sample Selection

The purposive sampling technique was used to obtain the samples from the target
population of the study. The subjects are participants in all the AFF Futsal Tourna-
ments, 2014. The subject and teams have the criteria that the researcher needs; they
are all professional Futsal players. The participants were selected from 10 teams that
joined the AFF Futsal Tournaments, 2014. The results from the tournaments were
separated into two groups, winning and losing teams. The researcher found that this
technique was the most appropriate. A number of 24 matches were used for the data;
all of the matches covered all the games of the tournaments.

2.3 Data Analysis

All the matches were recorded and transferred into the Sport Code plus (Sportstec
limited, Australia) software for analysis. All the four indicators were divided into two
groups of variables. Next, all the data gathered were transferred into the Statistical
Package for the Social Sciences (SPSS) version 19.0 for analysis.All the performance
indicators are shown in Table 1.
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Table 2 Goal scoring related to open play between winning and losing teams

Groups of variables Winners Losers

Mean SD Mean SD p

Open play Ala play 0.54 0.884 0.08 2.82 0.032

Combination 2.17 1.761 0.21 0.658 0.000

Df splitting
distribution

1.96 1.967 0.42 0.881 0.001

GK distribution 0.17 0.381 0.00 0.00 0.046

Solo effort 1.13 1.116 0.13 0.338 0.001

Rebound 0.87 0.947 0.17 0.381 0.002

Power play 0.21 0.658 0.00 0.00 0.102

Counterattack 0.54 0.884 0.00 0.00 0.010

3 Results

3.1 Open Play

Illustrative information for variables of goal scoring related to open play between
winning and losing teams were gathered and investigated for every game. The mean
and standard deviation values are introduced in Table 2.

From data gathered in the table, a summary of the results is presented. A total of 24
(n �24) subjects of matches were used in this research. 24 represents both winning
and losing teams. From the data collected, it shows that the measurement of mean
(M) and standard deviation (SD) for variables related to the open play of goal scoring
are related to both winning and losing teams. The variables in open play are included
ala play, combination play, defender splitting distribution, goalkeeper, distribution,
solo effort, rebound, power play, and counterattack. The mean and SD for ala play
are (±0.54, ±0.884 and ±0.08, ±2.82). The mean and SD for combination play
are (±2.17, ±1.761 and ±0.21, ±0.658). The mean and SD for defender splitting
distribution for both groups are (±1.96, ±1.967 and ±0.42, ±0.881). The mean and
SD for goalkeeper distribution for winning and losing teams are (±0.17,±0.381 and
±0.17, ±0.00). The mean and SD for solo effort for winning and losing teams are
(±1.13, ±1.116 and ±0.13, ±0.338). The mean and SD of rebound for winning and
losing are (±0.87, ±0.947 and ±0.17, ±0.381). The mean and SD of power play
for winning and losing are (±0.21, ±0.658 and ±0.00, ±0.00). For the last variable
for open play, which is counterattack, the mean and SD for winning and losing are
(±0.54, ±0.884 and ±0.00, ±0.00).
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Table 3 Goal scoring related to set play between winning and losing teams

Groups of variables Winners Losers p

Set play Mean SD Mean SD Mean

After
corner kick

0.29 0.464 0.04 0.204 0.034

Direct free
kick

0.13 0.338 0.00 0.00 0.083

Following
free kick

0.21 0.509 0.08 0.282 0.564

Kick in 0.04 0.204 0.04 0.204 1.000

Penalty 0.17 0.381 0.000 0.000 0.046

3.2 Set Play

Illustrative information for variables of goal scoring related to set play between
winning and losing teams were gathered and investigated for every game. The mean
and standard deviation values are shown in Table 3.

From the data that was gathered from Table 3, a summary is presented. The total
subjects in this study is 24 matches (n �24), which are divided into five winning
and five losing set play indicators.

The data collected shows the measurements of winning and losing of mean (M)
and standard deviation (SD) for variables in set play of after corner kick, direct free
kick, following free kick, kick in, and penalty. The mean and losing for winning and
losing of set play after corner kick are (±0.29, ±4.64 and ±0.4, ±0.204); and for
direct free kick is (±0.13, ±0.338 and ±0.00, ±0.00). The mean and SD for set play
in following free kick are (±0.21, ±0.509 and ±0.08, ±0.282). The mean and SD
for kick are (±0.04, ±0.204 and ±0.04, ±0.204). Meanwhile, for set play in penalty
for winning and losing are (±0.17,±0.381 and ±0.000, ±0.000).

4 Discussion

The first objective is to investigate the variables related to the goal scoring character-
istics between winning and losing teams in AFF Futsal Tournament, 2014, based on
open play. Mentioned that the performance analysis needs to be carried out in sports
to help improve performance. Performance analysis is becoming an important aspect
nowadays for sports, especially when relates to team sports. With the existence of
this performance analysis, competition of Futsal has become more interesting and
competitive. Performance analysis also can help with the development of this sport.
Open play consists of game tacticals, which the players or teams create a goal with
the condition of the ball in a continuous move.
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Based on the data collected, there is a significant difference of variables related
to goal scoring based on open play by winning and losing teams.

The second objective of this study is to investigate the variables related to goal
scoring between winning and losing teams based on set play. Goals from set play
can be defined as goals that are scored with the condition of the dead ball situation.
Examples of the set play in Futsal are penalty, direct free kick, following free kick
and also corner kick. Based on the data collected, the winning teams group achieved
a greater score compared to the losing teams. It can be related or effected by the
tacticals of the team. A good team will have a better of pattern gameplay. This can
be due to proper training with lot of variation of movement. With match analysis,
teams can study how to optimize the training process so their players can improve
their weaknesses and increase their strength [3].

Previous studies revealed that Futsal is a sport that is physically demanding [4].
In this study, distances of the goals measured included goals that come from inside
the penalty area, between the penalty mark and goal line, between penalty mark and
second penalty mark, between second penalty mark and halfway line, and from own
half. This investigation is important to both winning and losing teams. It is because
this can help the coach know the most successful distances used to score a goal. For
the losing team, it also can help the team to know their weaknesses. For example, the
side or distance that usually made mistakes and gave the goal to the opponents can
be known and given more attention. Based on the data collected, there is a significant
difference between winning and losing teams in terms of goal scoring based on the
distance of goals scored.

The last objective of this study is to investigate the difference of scorers, which
is between field player and field players. Field player consists of the whole team
in the court, except for goalkeeper. From the data collected, both teams have a no
significant difference on goal scorer. Both teams, as usual, have the highest number
that scores the goal from their field players. This investigation shows that goalkeeper
does not have the ability or chance to be a scorer.

5 Conclusion

In conclusion, this study examined the differences of goal scoring characteristics of
winning and losing Futsal teams in the AFF Futsal Tournament, 2014. This investi-
gation allowed the researcher to investigate the statistical data of winning and losing,
which can deliver beneficial info for Futsal development. The analysis results show
that there is a significant difference in terms of goal scoring characteristics based on
open play, set play, and distance of scoring a goal. Due to these results, teams in the
winning group have a better gameplay, good game technicals, and tacticals.

Meanwhile, the teams in the losing group do not have good tacticals and needs
to give more attention to their weaknesses. A use of other aspects can also help the
team, for example, performance analysis. This medium can help the team to know
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their opponent’s strengths and their own weaknesses, so the players and also the
coach can improve their overall performance.
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Reflection Rate Index of Passive Markers
for Motion Capture Application Based
on Different Colors and Sizes

Shariman Ismadi Ismail, Muhammad Fazrul Faiz Samsudin
and Norasrudin Sulaiman

Abstract Motion capture and motion analysis are employed in animation develop-
ment and modeling of body movements in various fields. A typical motion capture
system requires markers to identify the movement performed by objects in motion
that is being tracked. A passivemarker is built from light-reflectingmaterials, and the
motion capture systems require lighting during the motion capture. The purpose of
this study is to examine the influence of colors and sizes of markers on its reflection
rate index (RRI). This study involved the RRI of 12 different markers with various
sizes (10, 14, and 18 mm) and colors (blue, red, gold, and silver). Based on the RRI
value, the type and level of reflection and light distribution from each marker were
identified. The results reveal that silver marker has an RRI value above 1, while
blue, red, and gold markers have an RRI value below 1. Based on this study, we can
categorize each marker’s light reflection rate based on the calculated RRI. This is
helpful to users in deciding what type of marker needs to be used in each respective
area.

Keywords Motion capture · Marker · Reflection · Color · Size

1 Introduction

We have witnessed the application of motion capture in various areas since the nine-
teenth century [1]. The increasing demand of motion capture applications caused
these technologies to expand their systems specifications to meet specific require-
ments for each study that utilized the systems.

The validity and reliability of a marker-based motion capture have been reviewed
extensively in previous works [2]. If the systems are properly utilized, we could
obtain reliable data.
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The art motion capture systems require markers to identify movements performed
by objects in motion that are being tracked. These markers come in many different
sizes according to the requirements of the industries. The markers that are used
in motion capture systems could be either active markers, where they have lighting
capabilitieswith either conventional lamps or light-emitting diodes (LED); or passive
markers, where the markers are built from light-reflecting materials and the motion
capture systems require lighting during the motion capture. Both active and passive
marker systems are suitable for either two-dimensional or three-dimensional motion
capture setups, as long as the motion analysis system can interpret the coordinates
of the tracked objects that have been identified by the markers used in the motion
capture system [3].

In terms of the passive marker, there was evidence that, under certain circum-
stances, the identification process of the marker location is difficult. One of the
situations includes the scenario, whereby two markers are located very close to each
other [4]. It was suggested that this is due to the redundancy of the reflection from
both markers [3].

Previous studies attempted to measure and categorize the reflection rate of mark-
ers for motion capture by identifying its Reflection Rate Index [3]. Some studies
indicated that the marker surface condition could potentially influence the reflection
behavior [5, 6]. However, no study has been conducted in order to understand the
influence of the marker color and size on the Reflection Rate Index. Motivated by
this research gap, the purpose of this study is to examine the influence of colors and
sizes of markers on its Reflection Rate Index (RRI). The RRI of 12 markers with
various sizes (10 mm, 14 mm, and 18 mm) and colors (blue, red, gold, and silver)
were measured in this study.

2 Method

2.1 Sample

In this study, 12 reflectivemarkers with various sizes (diameter of 10, 14, and 18mm)
and colors (red, gold, blue, and silver) were utilized. This is shown in Fig. 1.

2.2 Instrumentation

Data collection was performed in a dark room. The markers are located parallel with
respect to the center of the camera lens (Olympus TG-3). The distance between the
lens and the marker surface is 5 cm. A light source was utilized in order to generate
a constant reflection from the marker (Fig. 2).
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Fig. 1 Marker diameter: a 18 mm, b 14 mm, c 10 mm

Fig. 2 Instrumentation setup

2.3 Analysis

Eachmarker reflection condition was recorded by the camera to obtain its still image.
Each of the 12 markers’ still images was then processed by using Kinovea (v0.8)
software to measure the Reflection Rate Index (RRI) (Fig. 3) [3]. Each marker’s RRI
was calculated 30 times, and the average value was obtained. The RRI was measured
based on the following relationship [3]:
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Fig. 3 RRI measurement with Kinovea

Table 1 RRI average values
for all markers

Colors Sizes

10 mm 14 mm 18 mm

Blue 0.87 0.89 0.85

Red 0.81 0.84 0.79

Gold 0.77 0.76 0.73

Silver 1.68 1.64 1.55

RRI � total glowing light cross section area

total cross section area ofmarker
(1)

Comparison of the RRI for each marker was then conducted in order to observe
the influence of marker size and color on its RRI.

3 Results and Discussion

The results obtained in this study are shown in Table 1. The result demonstrates that
the blue markers have RRI value smaller than 1 for the three sizes; while the silver
markers have the largest values compared to the other markers. This can also be
observed from the reflection condition shown in Fig. 4.

There was an increase in the RRI value for both blue and red markers from 10mm
to 14 mm in size (0.87–0.89 and 0.81–0.84, respectively). However, there was a
decrease in RRI value from 0.89 to 0.85 and 0.84 to 0.79 for the blue 18 mmmarker,
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Fig. 4 Example of Reflection condition: a silver, b red, c gold, d blue

and red 18mmmarker, respectively. Gold and silver markers on the other hand, show
a decrease in RRI value continuously from 0.77–0.76 to 0.73, and 1.68–1.64–1.55,
respectively, based on 10, 14, and 18mmsizes. It was noted that there is no significant
difference in the reflection rate index with regards to different sizes of the markers.

4 Conclusion

Based on the results, the silver color shows the highest RRI, which remains over 1, for
all three sizes. The natural frequency of the silver color with a wavelength of 412 nm
could potentially contribute to this effect. The silver color has good reflectivity that
does not vary with wavelength, and thus appears very close to white. The absorption
of the peak of the silver color lies in the ultraviolet region. Consequently, silver
maintains high reflectivity evenly across the visible spectrum, and looks pure white.
The sizes of the markers do not show any effect on the RRI value of the markers.

This study reveals that different marker colors could potentially provide differ-
ent reflection properties. Thus, users can determine the type of reflection that is
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suitable for various scenarios. There are users who prefer lower RRI values, while
others prefer higher RRI values, according to their motion capture settings. There
are situations where higher values of RRI are not suitable. Thus, users will choose
color markers with an RRI range of optimal performance, based on the settings and
scenarios available.
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