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Abstract— This study aims to identify the most significant physical fitness parameters among youth female Terengganu field hockey
players. Multivariate methods of unsupervised pattern recognition of principal component analysis (PCA) and descriptive statistic
were used to determine the most significant physical fitness related performance parameters on 42 Terengganu youth female field
hockey players. The first PC’'s project high factor loading in BMI (0.86) and predict VOmax (-0.82) as the most significant
parameters indicating the requirements of body composition in this sport. The second PC'’s displayed high factor loading in 1-minute
sit up (0.89) and 20-meter speed (-0.84) highlighting the need for core muscle strength. The third PC’'s demonstrated high factor
loading in V-sit and reach (0.71) and maximum push up (0.82) were recognising the importance of upper muscle strength in the sport.
The results from the current study revealed that certain physical fithess components are seemed to be more pronounced in the
performance of the game by the Terengganu female youth hockey players. The study has indicated that body composition, core
muscle strength, and upper muscle strength are the most outstanding physical fithess variables possess by the players for the
enactment of the game compared to other fitness parameters. Highlighting the physical fithess performance related parameters might
help to evaluate the strength and weakness of the players on the relevant parameters which could prompt to the adjustment of the
training programme for the inclusive improvement of the players.
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to maintain in semi-crouched posture during the game. Thus,
I. INTRODUCTION the engagement of the whole body in this sport imposed high

Field hockey is a competitive, high-intensity, intermittent demands on th_e ae_roblc and anaerobic system [6]. _Altogether,
game that involves walking, jogging, sprinting in varied excellent physical fithess level could have a great impact on

directions with and without ball [1]-[3]. In the field hockey, ﬁe'ld h‘:jcdk_e_y perr‘:"rma”‘?e- i described that 1 g
acceleration and deceleration occur concurrently resulted n addition, the previous study described that the speed,
from the rapid changes in speed during the game. Thus, ifnuscular strength, power, and agility are also prerequisite to
demands good aerobic and anaerobic capacity to providéDrOdUC.e h|gh-performance game [7.]' There s a study
quick recovery process following high-intensity efforts recognised the requirement of physical fithess parameters

among players and maintain work rates towards the end Ofsuch as aerobic, anaerobic, muscular strength and power as
the game [4], [5] significant and crucial in the game of field hockey [8]. In

ddition, it has been reported that the game of field hockey
as similarity with the other sports such as ice hockey,
basketball, lacrosse, and rugby in terms of physical fitness
requirements and its characteristics. It displayed a high
number of repeated near-maximal efforts during the game
[9]. This finding has been confirmed by a recent study. It

Moreover, the features of the game themselves require
the involvement of both upper limbs and lower limbs to
work simultaneously in different actions. For example, the
upper limbs are required to hit hockey ball or hold the
hockey stick while the lower limbs contracted continuously
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suggested that the nature of this game requires a highThey were informed about the procedure of the study before
demand of physical fithness especially aerobic and anaerobidhe signed the informed consent. The ethical committee of
capacity [10]. This is because players are needed to maintainhe University Sultan Zainal Abidin approved the procedure.
fit and powerful in 70 min of high-intensity competition [11]. All the participants were tested in five different tests: speed
Furthermore, physical fithess plays an important role in test, multistage fitness test shuttle run, V sit and reach test,
many aspects of sport especially in field hockey because ofmaximum push-up test, and 1-minute sit-up test.
its capability to enhance the performance, reduce fatigue ,Anthropometric measurements were taken for height and
prevent injury and ensure the cognitive system to function weight. All the data were collected at Terengganu Sports
optimally [12]. The performance is increasing as the speedCouncil hall.

of the players increased. Several studies have reported that _

sprinting ability is attributed to high performance in field B- Design

hockey. In this study, it has been reported that performance In order to identify the most significant physical fitness
of field hockey with speed ability has been supported by aparameters among youth female Terengganu field hockey
time-motion analysis study. It found that the elite players players, an ex-post facto design was employed. The process
spent 22% of the total game employing short duration (5.2 +of data collection was conducted during the off day training
0.6 s) with the high-intensity game. Therefore, it reflects that of the players. All the measurements were completed on the
speed ability is one of the physical fitness parameters thatsame day, so the training schedule of the athletes was no
are able to enhance game performance [13]. Numerousaffected. In addition, the commitment of the players was not
studies have been done on soccer and field hockey integratetequired as this study was not implemented any intervention
multilaterally (e.g. anthropometric, physiological and or rehabilitation protocols. Thus, this study has no control
psychological) variables of the players with the performance over the players. The advantage of this study is it allows the
which revealed the important functional (physiological) researchers to assess current physical fitness level of the
characteristics of players in terms of aerobic endurance,players.

anaerobic (running speed) and a combination of anaerobic .
and aerobic endurance which labelled as speed-endurance. ﬁ Anthropometric Measurements

might be concluded that physiological characteristics of the Height and weight were measured by using a standard
players attribute to the high achievement in the sportsprotocol. Standing height was measured with shoes off, feet

performance [14], [15]. However, the most significant together and the highest point of the head by using a
physical parameters related performance of female field standard wall-mounted stadiometer. The readings were taken

hockey players in Terengganu is still not observed. to the nearest 0.5 cm. Weight was measured to the nearest
Consequently, coaches will not be able to estimate the0.5 kg using a calibrated scale (Seca, Hamburg, Germany).
performance level and monitor the progression of the playersD Multistace Fitness Test Shuttle Run test

Physical characteristics of players include size, physique, " g_ ] ) _
and body composition influence the performance in many The Multistage Fitness Test Shuttle Run is a valid and
sports [16], [17]. Thus, numerous studies have been'eliable test to determine \\Omax in team sports athletes
conducted to analyse body composition of players on their[19], [20]. It consists a series of 20-m shuttle runs in which
performance [18]. Based on these studies, it revealed #Nn€ Speed increases progressively. Participants are needed to
clearer understanding on how nutritional and training Maintain the given speed until reaching volitional fatigue.
programme can affect the physical performance of the The test involves continuous running between two lines 20
players. However, there is less information exists for femaleM apart in time to recorded beeps. They reached the line
field hockey players in Malaysia, especially in Terengganu befqr(_e the begp sounds. The. test will be termlnat_ed if the
describing  physical  fitness  related  performance Participants fail to reach the line for two consecutive ends

characteristics. Thus, examination of physical fitness status21]- Participants were instructed to perform warming up and
in the field hockey players can contribute to specified stretching exercises before the test. Then, they were asked to
training programs for the enhancement of the performance d0 cooling down following the completion of the test [21].

In addition, several studies have assessed some of thdhe number of shuttles completed by the participants was
physical fitness parameters of female field hockey players,récorded, and an equivalent Y@ax was calculated [22].

but less study has observed the most important parametef he Vvalidity of this test has previously been reported to
that contributed to optimal performance on the same Provide highaccuracy in estimation of VO2 max [21].
population in Terengganu. Therefore, this study aims to E. Speed Test

identify the most significant physical fithess parameters ,
among youth female Terengganu field hockey players. Speed was assessed by using 10 and 40 m speed tests. A
stopwatch was used to record the time of running. Subjects

were stand in stationary position at the starting line. Three
10-m and 40-m trials were performed by each participant.
A. Participants The times recorded were calculated for the average.

42 Terengganu yo_uth female field hockey pl_ayers (age, £ Maximum Push Up Test
17.5 + 1.59 years; weight, 53.12 kg * 6.41 kg; height, 156.01 . .
cm £ 5.05 cm) from SUKMA participated in the study. The maximum push_ up is purposely to measure the
Participants criteria were as follows: (age, 17.5 + 1.59 years)Muscle endurance. This test was followed the standard

weight (53.12 kg + 6.41 kg), height (156.01 cm + 5.05 cm). protocols. The participants were laid down essentially. The
ght ( ¢ 9 ght ( ) participants’ hands were in line with the shoulders and backs

Il. MATERIAL AND METHOD
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were kept straight throughout the test. They lowered theiron the variable; x and ¢ are the mean and the standard
body until the chest touched the clenched fist of the counter,deviation of Xij, respectively.

who held their fists in line with the sternum. Then, the arms In this current study, Principal component analysis (PCA)
were straightened immediately. Only the hands and feet werevas employed as the main statistical analysis to find out the
in contact with the floor. The participants were not allowed most significant variables related to field hockey. By using
to put their knees on the floor if they stopped during the test.this analysis as expressed in the equation (1), it helps to
The test was considered as failed if they did not comply with reduce the less significant data set which is considered as
it. No score was given if the performance was not met theone of the most rampant and advantageous statistical
standards. The score was given for the participants whomethods for recognition the latent structure of a set of
completed the test without any failure and followed standard variables with a minimal loss of original data [26].
procedures.

G. 1 Minute St Up Test ) ] ] )
Prior data analysis, Kaiser-Meyer-Olkin measure of

Core strength is significant in controlling the body . , L
movement optimally. Sit-ups test is performed to assess thesamplmg adequacy (0.535) and Bartletts test of spherioity

: o L = 0.001) reported that data meet the assumptions of the
core strength based on its reliability and validity. The sampling adequacy and the significant correlation between
participants lay on their backs with their knees were at 90° ping quacy 9

with the hands straight out in front resting on the thighs asvarlables for further analysis. Table 1 exhibits the descriptive

. > A statistics of participants characteristics as projected as mean
the starting position. The test was started by the parUmpantsand standard deviation (SD) values for all variables.

crouched their body into a 30° such that the hands slid to on The objective of the present study is to identify the most

top of the knees and then returned to the starting position._. .. . ,
During the procedure, a partner held the players’ feet put o significant physical fithess parameters among youth female

the ground for stabilization [23]. Players nTerengganu field hockey players. A total number of 42

. / Terengganu youth female field hockey players were
tsr?etyu?;aﬁgl g;i){( tﬁouinzd ﬂt(f)\glrr ksniteejpt?/vggtioerig%véf’eéhzgpurposely recruited for this study. Standard battery fitness

) IS and body composition tests were conducted, and an
complete and given one repetition if the shoulder blades ; - o
unsupervised pattern recognition of principal component

touched the ground. No score was given if the performance . 2 -
nalysis (PCA) and descriptive statistic were employed to
was not met the standard procedures and there were no hal : L : .

etermine the most significant physical fitness related

counts. The participants completed the test within 1 minute. S e
performance parameters in field hockey.

I1l. RESULTSAND DISCUSSION

H. V St and Reach Test

Field hockey demands good flexibility. The assessment of TABLE |
the erector spinae and hamstring flexibility becomes an DESCRIPTIVESTATISTICS OF PARTICIPANTS
important part of fithess and sports assessment for many siatistic M SD Participants
times. Flexibility has good potential to reduce the risk of [TAge 17.50 1.59 42
injury during the game. In this study, a standard flexibility ["weight (KG) 53.12 6.41 42
protocol, V sit and reach test was used. The participants| Height (M) 156.01 505 42
started the test by sitting on the floor with extended knees.[ Bm| 21.81 235 42
The arms were extended forward with palms facing down. ["v sit and reach (cm) 48.96 11.72 42
The participants reached forward with both hands and| Sprints 20 (s) 3.60 0.47 42
sustained this position for 10 seconds. The knees must be ifi Max push up 39.64 13.50 42
contact with the ground and were not allowed to be raised.[ 1 Minute sit up 3452 9.92 42
The position of maximum reach will be recorded. The test [ Predicted vo2max 37.92 9.11 42

was repeated three times for each participant, and the
average was calculated for the final result. A warm up |nthe current study, VFs with absolute values greater than
routine was performed before the test was conducted. 0.70 were standardized as the selection threshold. It
. Data Analysis describes moderate to strong _Ioadings on the extrac_ted
t _ factors. Based on Table 2, the first PC’s demonstrated high
Finally, all data matrixes of (42 x 9 = 378) were measured factor |oading in BMI (0.86) and predicted VO2max (-0.82).
and presented as mean + SD values (see Table 1). Beforgpys the present study suggested that body composition is
main statistical analysis, the total of missing data, data errorihe most significant parameter in the field hockey. This
and outlier were checked in order to expedite the datafinging agrees with another study that found the significance
analysis [24]. The normality of data distribution, as well as effects of variation in body composition toward functional
the outliers, were also checked using Kolmogorov-Smirnov capacities and performances of athletes in many sports [27].

and box-plot method [25]. This result is in accordance with the studies mentioned that
increased body fatness was associated with poorer
= (X-u) /o (1) performance in aerobic and anaerobic capacities in the

players [28], [29]. In addition, the previous study that has
whereasZij is thejth value of the standardize score of the examined the effect of body composition and performance in
measured variablg meanwhileXij is the observation gth cross-country skiers has found that a higher muscle mass

percentage is associated with maximal consumption, (VO
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max) and late lactate threshold, especially the beginning ofintra-abdominal pressure [36]. Core muscle strength can
blood lactate accumulation (OBLA) [30], [31]. As a lean produce high force and lead the muscles of the shoulders,
body mass increased, muscle mass also increased andrms, and legs to contract effectively [35].

therefore positively influences endurance. However, a gain As a result, it can again reduce the risk of injury and
in body fat negatively influences endurance [32]. These increase sports performance in terms of speed, agility, power
studies suggested that body composition should beand aerobic endurance. Therefore, it will lead the body
considered by the nature of team sports. As we know that functioning to optimal level [37] and enhance great athletic
certain sports such as field hockey demanding high levels ofperformance especially in the field hockey [38]. Moreover,
relative strength, agility, speed, and endurance. Thus, bodystudies have shown that core strength can provide better
composition can be a potential factor affecting these stability and muscles controlling such as abdominal,
functional components in positive ways [28], [29]. paraspinal and gluteal during the games. Therefore, it can
Furthermore, body composition such as body mass is amprevent any injury especially in spinal or extremities among
important factor for successful performance in the field the athletes. The lower back injury is the second and third
hockey. This is because a study suggested that increaseshost common injury in practice, in women’'s gymnastics,
body mass inappropriately resulted in the reduction of field hockey, and volleyball as demonstrated by a previous
running fitness. This finding has been confirmed by a study study [39]. Another study reported 8% more female athletes
that has reported a strong relationship between body massad lower back pain than male athletes [40]. Therefore, this
and running velocity. It suggested that high body massstudy suggests that core muscle strength is important to
caused lower running velocity at lactate threshold and prevent lower back injury. In addition, it significantly
exhibited a reduction of running ability over 10-km distances influences the postural maintenance and distribution and
[33]. Body composition may reduce the running speed of absorption of force in the body [41]. The contraction of core
female field hockey players. Thus, this current study muscles controls the actions of the trunk and lower limbs.
suggests field hockey does not necessarily require high bodyrhey are heavily loaded during the game as they maintained
weight for maximal performance. The results of this study the postural stability of the players. The unnatural semi-
revealed that ideal BMI contributed to high performance crouched posture and unequal distribution of body weight
during the game. In addition, the results have satisfied thecause an impact on body posture of the players [42]. These
findings from previous studies which found that body significant findings confirmed what had been emphasized in
composition may influence the player's level of physical previous research on field hockey players. In this sports
fithess related performance in the female athletes. In theactivity, the players are to flex the trunk forward to the
field hockey, the players have to cover a long distance ofground for the maximum groundwork and to cover a wider
area. The players need to carry their body weight during therange [43]. Finally, the maximum strain of muscles
game by the facilitation of a large composition of active specifically abdominal muscles, as well as back muscles,
tissue (muscle) in relation to a small composition of fat will be developed during the entire length of the game [44].
tissue. However, a high body weight of the players will Therefore, the important findings of the current study present
result in difficulty and reduce capability for them to maintain that the core muscle strength is highly demanded in the field
their physical fitness level until the end of the game. hockey. In addition, the present findings highlight the
Therefore, this present study recommends it is necessary témportant of this muscle in preventing the muscle strain.
employee good ideal BMI in order to achieve high  The third PC’'s demonstrated high factor loading in V-sit

performance in the field hockey [34]. and reach (0.71) and maximum push up (0.82). The results
TABLE Il of this analysis clearly showed the need for upper muscle
FACTOR LOADINGSAFTERVARIMAX ROTATION Strength Il’l the f|e|d hOCkey A Study demonstrated that Upper

body strength and power might contribute to the success in

VF1 VF2 VF3 many sports with great performance. It also mentioned that
\%I\gilt and reach (cm) Ogism 0'890527 0'3?’7714 players with superior upper body anaerobic power might
Sprints 20 (s) 0,070 0842 | 0250 achieve success in the games [45], [46]. Upper musc_le
Max push up 0239 0097 | 0825 strength and power are particularly important in a certain
1 Minute sit up 0.093 0.885 0.139 sport such as rugby league, soccer, and field hockey which
Predicted vo2max 20.819 0219 | 0.189 involve frequent contact, collision, and attacks from
Eigenvalue 1.961 1.348 1.284 opponents. In the field hockey, it demands the player ability
Variability (%) 28596 25847 | 22.099 to tackle an opponent, execute skills and to hold and hit the
Cumulative % 28.596 54.442 | 76.541 balls for goal scoring [47]. Analysis and assessment of upper

muscular strength have to be done in handball players, and
The second PC’s displayed high factor loading in 1- the results showed that muscular strength played an
minute sit up (0.89) and 20-meter speed (-0.84). The resultgmportant role influencing throwing handball velocity. In
of this study demonstrated the importance of core muscleaddition, it demonstrated a strong relationship between
strength in the field hockey. According to [35], core strength throwing velocity and elbow extension isokinetic torque [48]
is where the muscles or muscle group produce forceand maximal isometric handgrip strength [49]. The derived
maximally at a specific velocity. Similarly, the finding is in findings from the study can be implemented in the field
concordance with the definition of core strength derived hockey as the nature of this game also requires good upper
from another study. They described it as the ability of muscle strength. Therefore, in the field hockey, the muscular
muscles to generate force through contractile forces andstrength, as well as hand grip strength, is two related
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components that enable the players to carry the stick and hit V. CONCLUSION

the ball in high velocity for goals. , The current study has successfully revealed that certain
Based on the Fig. 1, it illustrated the correlations betweenphysica| fitness components are seemed to be more

a!l variables and factor_s loading afte_r varimax rotation. It pronounced in the performance of the game by the
discovered the most important variables related to theTerengganu female youth hockey players. This finding of
demands of the field hockey game. Meanwhile, Table 3 yis stydy provides a greater understanding of the physical
projected the percentage of important variables across alleqyirements of female field hockey players. This indicates
variables measured. Thus, it can be concluded that the field, 5 body composition, core muscle strength, and upper
hockey players require well-developed upper muscle pqcle strength are an essential physical fitness variables
strength. possess by the players for the enactment of the game

To summarize the important of certain factors in comnared to other fitness parameters. Highlighting the
enhancing the performance of the field hockey players, ayygical fitness performance related parameters might help

current study has_ been adopted as references. The stud_y h3s evaluate the strength and weakness of the players on the
found that an elite professional soccer demands physicalyg|eyant parameters which could prompt to the adjustment of
physiological and psychological components and presentsye training programme for the inclusive improvement of the
with a com_plex characteristic in the game [50]. o players. Again, this study may suggest coaches of
The belief can be used to pronounce the significance of,iarentions or training programme that could be
physical fithess parameters relaf[ed performance in the f_ieldimplemented to further improve the athlete’s success and
hockey because soccer and field hockey are two high-may agsist them to estimate the athlete’s potential to perform
intensity games that have similarities physiologically and very well in the field hockey performance.
require almost the same physical parameters. However, this |, conclusion, the present research highlighted the
present study only me{:\sured the physical fitness parame_terﬁnportance of recognizing the most significant physical
in the performance of field hockey compared to other studiesiness related performance variables in female field hockey
which measured the other components. athletes, since it represents a useful instrument for enhancing
the sports performance in this sport. Moreover, this current

Variables (axes D1 and D2: 54.44 %) study may be benef|c_|al tools or meth(_)ds for the coaches in
. after Varimax rotation the process of selecting the talented field hockey players in
the future.
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