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(is paper studies the effect of moisture on the handling performance of rugby balls, where different moisture conditions will
cause a change in skin friction between finger pads and rugby balls. In this study, a set of rugby ball passing tests was performed
under wet conditions to test the effect of skin hydration on the performance of ball handling. A comprehensive analysis was then
conducted to assess skin frictional properties at various moisture levels. It was observed that skin moisture is strongly associated
with the handling performance of rugby balls. Based on the collected experimental data, intelligent data-drivenmodels were finally
developed, including a neural network and a fuzzy rule-based system. (ese models will likely enhance the anticipation of the
handling performance of rugby players, which helps in designing specific training programmes and better preparing for rugby
games to cope with wet conditions.

1. Introduction

As an essential element in most sports games, sports
equipment appears to be used very regularly in a variety of
forms depending on the sport involved. Examples of the
equipment could be balls like basketballs, rugby balls, and
footballs, flying discs for freestyle and disc golf, bats for
baseball and cricket, rackets for badminton and tennis, etc.
In general, this equipment has been designed to offer a high
quality of service lives and sports performance with a
continuous exploration of new forms of design and mate-
rials. For instance, rugby balls were often made by stitching a
pig’s bladder in an oval shape in early days, and nowadays
rugby balls are only allowed to be made of leather or other
suitable synthetic materials [1]. In addition, the specification
of size, weight, and even the air pressure has been strictly
defined according to the rules of the International Rugby
Board, with the aim of enhancing the stability of hand
gripping [2].

In those sports games involving hands contact with
equipment, it is essential for players to demand effective

handling skills with the aim of achieving better performance.
For example, in rugby, handling skills consist of various
activities such as passing balls, catching balls, holding balls,
or running with balls. Regardless of position, all players are
required to perform those core skills effectively with lower
level of errors. (is is because ball handling errors are be-
lieved intimately associated with the turnover in games.
Good ball handling skills could reduce the turnover rate and
hence increase the chance of winning [3, 4]. Ball handling is
a complex activity that employs hands/fingers interacting
with ball surfaces under various conditions and can be easily
influenced by different factors. For instance, most players
find the balls become very slippery when their hands are
sweating or they are playing on raining days, which bring
difficulties for them to handle the balls with those wet
conditions [5, 6].

In this paper, we study the handling/passing perfor-
mance of rugby balls under wet conditions using data an-
alytics and data-driven modelling approaches. In recent
years, we have witnessed a dramatic increase in our ability to
collect, process, and store data, which also happens in sports
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engineering. Analysing and utilising these data, such as in
data-driven modelling, provides humans with very useful
knowledge and some practical tools. In the case that some
complicated systems cannot be described by conventional
mathematical models, people may apply data-driven mod-
elling techniques to develop practical data-driven models. In
the current study, we follow this strategy to study the
performance of the rugby sport. First, three different ex-
periments were designed and conducted, including a rugby
ball passing test, a skin friction test, and a measurement of
skin mechanical properties. Data-driven predictive models
were then developed based on the experimental data.

2. Related Work

In the recent study of Tomlinson et al. [7], they investigated
the passing accuracy of various rugby balls under both dry
and moist conditions. (e coefficient of the friction of the
balls was also measured. (e results showed that the passing
scores of the balls with a lower friction coefficient are poorer
than those balls with a higher friction coefficient. Lewis et al.
[8, 9] pointed that the accuracy of a rugby ball pass is closely
associated with the frictional behaviours between human
fingers and ball texture. High friction forces would be
beneficial for players to handle balls in games. In comparison
of balls with various textures, they noticed that the balls with
patterns of pimples could help ball gripping under dry
conditions. (is phenomenon might be attributed to the
corresponding change in skin viscoelasticity, which leads the
skin to deform around pimples and thus increases the
contact area, hence the hysteresis mechanism [7].

(e human skin is a complex material and is composed
of three different layers. (is structure gives the skin unique
physical-mechanical properties that are very similar to
rubbers [10, 11]. In past decades, the frictional behaviour of
the skin has been studied widely [12–22]. (is is because, as
the outer covering of the human body, the skin plays an
important role in preventing the risk of body damages from
skin friction due to the skin contacting with complex en-
vironments/objects. It is generally believed that the frictional
properties of the skin are owed to various physical mech-
anisms, for instance, adhesion mechanisms, interfacial shear
mechanisms, and capillary action mechanisms. [23]. In
addition, it is deemed that skin frictional properties are
closely related to the contact conditions: hydration, load,
speed, and material properties. For instance, Bowden and
Tabor [24] stated that the skin frictional properties comply
with a classical two-term model consisting of an adhesion
mechanism and a deformation mechanism. In general, it is
expected that the coefficient of the skin friction is mainly
affiliated with the adhesionmechanism under dry conditions
and can be described by a linear relationship [16, 17].

For the moisture conditions, the coefficient of the skin
friction is found to vary with different moisture conditions
[13, 15, 21, 22]. In previous studies, both a linear correlation
and a “bell-curve” correlation between the coefficient of skin
friction and the moisture level have been observed
[17, 22, 25, 26]. For example, Yoshimune et al. [25] and
Veijgen et al., [26] examined the relationship between the

skinmoisture level and the coefficient of the skin friction and
pointed that the coefficient of skin friction increases with the
moisture level following a positive linear function. However,
in recent studies, Adams et al. [17] and Tomlinson et al. [22]
found a bell-curve relationship for the coefficient of the skin
friction when hydrated fingers contacting with various
materials, in which an initial increase in the coefficient of
friction while adding water to dry skin. It was found that the
coefficient of the skin friction decreases after the moisture
level of the skin reaches a certain level.

Handling/passing under wet conditions is one of the key
research topics in rugby union; however, there is very
limited relevant work available.(is research was performed
with the aim of investigating how the handling/passing
performance is influenced by different moisture levels using
data analytics and data-driven modelling techniques. In this
study, three different experiments were designed and con-
ducted, including a rugby ball passing test, a skin friction
test, and a measurement of skin mechanical properties.
Predictive models were then developed based on the ex-
perimental data.

3. Experiments

3.1. Rugby Ball Passing Test under Different Moisture
Conditions. In this test, eight male rugby players (age 20± 2
years old) from Shandong Sport University took part, and
they all have developed similar ball passing/handling skills.
(e details of all participants were recorded, including
height, weight, wrist strength, throwing posture, and han-
dling hand preference. Prior to the test, all participants were
given a training session to familiarise the test procedure. In
order to investigate the effect of the moisture level on the
accuracy of ball handling, the participants were asked to
perform the test under four different moisture conditions: a
natural state, a medium hydration state, a high hydration
state, and an addition of water. Amoisture meter was used to
measure the moisture level of the skin on the participants’
thumb and middle fingers of their right hands (see Liu et al.
[19] for more details).

As illustrated in Figure 1, the participants were
instructed to run with a rugby ball from position E to zone
AB (the distance between E and AB is 4m) and throw the
ball to a target net when arrived at zone AB. (e target net
was located at a place 7m away from AB. (en, the par-
ticipants needed to run toward position F to pick another
ball and back to zone AB to complete another shot. Prior the
tests, all participants were required to clean their hands and
dry them with paper towels. Regarding the natural-state test,
it was performed on cleaned and dried hands. For the middle
hydration test, the participants were requested to carry out
10min warm-up activities firstly and then perform the
passing test immediately in order to minimise the loss of
water from the skin. In the third test of a relative high
hydration state, the participants were asked to perform the
passing test along 20min warm-up activities for a higher
moisture level. Finally, the participants were asked to per-
form the test using wet balls. In order to ensure all surfaces of
the balls are covered with water, the balls were soaked in
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water for 1min before the test. With regard to each moisture
condition, the participants had to complete one successful
shot. (e time taken for completing all shots successfully by
each participant was recorded for determining their final
passing scores.(e scoring scheme used in this study is given
in Table 1 [27]. During the test, if any invalid run or invalid
data were identified, the test would be repeated until getting
the valid data. After the passing test, 32 experimental data
were collected.

All obtained data from the rugby ball passing test were
entered into Microsoft Excel and analysed by the SPSS
software (version 26) using a nonparametric method
(Friedman test) and a correlation analysis method. Prior to
these inferential statistical analyses, all raw data need to be
preprocessed. In this study, the moisture readings were
processed for the average data and standard deviations using
a descriptive analysis. Due to the big varieties of the moisture
readings collected from participants, it is necessary to
normalise the data for each player. (e normalised moisture
readings were set in the range of 0.0 to 1.0.(e Friedman test
was employed to analyse the difference in the moisture
readings among four hydration conditions. In addition, the
relationship between the normalised moisture readings and
the target scores was also studied by correlation analyses. In
all statistical analyses, the p value that is less than 0.05 was
deemed to be statistically significant. (e correlation coef-
ficient R was also calculated to analyse the relationship
between the measured data and the predicted results.

3.2. Measurement of Skin Friction. A miniature force plat-
form device (Mode: HE6X6, Advanced Mechanical Tech-
nology, Inc.) was employed to measure skin friction. It is a
low-load, high-accuracy measurement device (22N in X-
and Y-axes and 44N in Z-axis with an accuracy of 1%) and
consists of a force plate, an interface box, and a computer
(see [18] for more details). (e principle of this measuring

device relies on the strain gauge flexibility technique that
allows the forces to be detected in X-, Y-, and Z-axes. During
measurement of friction coefficient, the normal force im-
plied to the force acting in the Z-axis and the corresponding
force in X-/Y-axis is considered as a friction force; hence, the
coefficient of skin friction can be obtained by the proportion
of the friction force to the normal force. In the current study,
the measurements of the coefficient of the skin friction were
performed on the middle fingers of the participants. (e
participants were instructed to slide the examined fingers
along a 5mm wide acetal strip (roughness of 0.5 μm) with a
normal force of 1.5± 0.2N. Prior the tests, all participants
were invited and requested to clean and dry their hands.
With regard to a variety of moisture levels in the skin, the
participants were asked to soak their right hands in tap water
for 20, 40, 80, 120, 160, 200, 240, 280, 320, 360, and 400 s.(e
moisture level of the skin was recorded by a moisture meter.
All friction measurements were repeated three times to
obtain average results.

3.3. Measurement of Skin Mechanical Properties. (is series
of tests aimed to explore the mechanical properties of finger-
pad skin in response to skin hydration. To achieve this, the
middle fingers on the right hands of participants were ex-
amined using a noninvasive Cutometer MPA 580 (see [19]
for more details). (e participants were asked to prepare the
examined fingers using the same method of the skin friction
measurement. (e test firstly was performed with a dry
finger and then a soaked finger (400 s of soaking time). With
the purpose of avoiding the influence of any chemical on
measurements, no treatment was given to the examined
finger in twelve hours before the test. A 2mm diameter
probe was held on the surface of the examined finger with a
constant pressure of 500mbar at a room temperature. (e
measurements were repeated three times to ensure the ac-
curacy of the results.

Net

7m

4m4m
2m

10m

A B
E F

(a) (b)

Figure 1: (a) Sketch of the passing ball test and (b) images of passing a ball to the net.
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4. Data Analysis and Discussion

4.1. Rugby Ball Passing Test. As shown in Table 2, the
moisture readings rise significantly from the “natural” state
to the “hydrated” state when the participants were involved
in warm-up activities. (is finding is also evaluated by the
Friedman test where big differences on the moisture level of
the skin were obtained under four moisture conditions
(p< 0.001). It can be observed that the moisture readings of
the examined fingers reach their maximum levels (99 au) in
the case of doing 20mwarm-up activities. With regard to the
condition of extra water, the tests were performed by sat-
urated fingers with wet balls where additional water was
added to rugby ball surfaces, prior to the tests. For the target
score, a different phenomenon was observed with respect to
various moisture conditions. An initial increase in the target
score was found when the moisture level changing from the
natural state to the Hydrated 1 state. After that, the target
score started to decrease with the increase in moisture
readings. (e lowest score was found in the case of adding
extra water, as given in Table 2. (ese findings suggest a
parabolic relationship of the target score with the moisture
level (see Figure 2). A quadratic polynomial model was
considered to provide the best fit for these changes in the
target score and expressed as y � ax2 + bx + c (R> 0.9,
p< 0.03).

Figure 2 shows the data for the passing test under four
moisture conditions. For the moisture reading, it was found
to be varied with warm-up activities. For 10min exercise, the
moisture reading has a significant increase with time. As
shown in Figure 2, the moisture reading for Participant 1 in
the natural condition was 69 au and increased to 73 au after
taking part in 10min of warm-up. A similar finding was also
noted by Tomlinson et al. [22], in which the moisture levels
of the tested fingers were found to increase from 50 au in
resting to 90 au when the participants were taking part in
various activates. (eir findings agree with this study. (e
changes in the moisture level of the skin could be attributed
to the sweating on the skin surface. During various activities,
participants’ bodies experience high temperature as a result
of body cells converting metabolic energy into thermal
energy. In order to maintain the balance of temperature,
excessive heat generated is converted into thermoregulatory
sweating and evaporated through the skin. Consequently,
the sweating accumulated on the skin surface leads to a
change in the skin moisture.

(e data of the target score with respect to different
moisture conditions are also given in Figure 2, where a bell-
curve relationship between the target score and the moisture
level is observed. (e target score is found to have an initial
increase with the increase in moisture and then a decrease
when the moisture level reaches Hydration 1, except Par-
ticipant 7. In Participant 7, the target score for Hydrated 2
shows an increasing phenomenon with the increase in the
moisture level. (is could be attributed by many factors,
such as participant’s skill, test conditions, and others. (e
bell-curve behaviour in the ball pass test was expected be-
cause of the curved relationship between skin friction and
moisture of the skin. Lewis et al. [8, 9] indicated that the

accuracy of a ball pass is closely associated with the frictional
behaviour between the finger pad and ball texture. It is
generally believed that a high friction force is desired for a
good grip and therefore a higher accuracy of pass rate. In
addition, they indicated the coefficient of the skin friction is
inversely proportional to the skin’s Young’s modulus. An
appropriate increase in the moisture level of the skin could
reduce its Young’s modulus and, therefore, result in a rise in
the coefficient of the skin friction. In the studies of Tom-
linson et al. [7], they found the target score changes with the
skin friction coefficient following a linear regression model.
In the comparison of the skin friction coefficient between the
dry balls and the wet balls, the results show that the wet balls
have relative lower coefficients than those of dry balls.
Moreover, in their passing accuracy test, the balls with
higher friction coefficient give better scores than those with
lower friction coefficient.

On the basis of the above findings, it is suggested that the
dry balls with a relative low moisture level will present a
good friction coefficient and, therefore, a good passing ac-
curacy. Oppositely, wet balls usually give a lower friction
coefficient and a lower passing accuracy. (is conclusion is
in consonance with the findings of this study. When the
participants were in activities (up to 10min), the moisture
level was found to increase due to thermoregulatory
sweating and this leads to an increase in the target score.
While increasing the warm-up time, the mechanical prop-
erties of the skin could be affected due to excessive sweating
and consequently result in a decrease in skin friction and
then a lower target score. With regard to the extra water
condition, the lowest target score is obtained. (is could be
attributed to that the additional water on the ball surface acts
as a lubricant at the contact interface. (e water-based lu-
brication film produced a lower friction between the hand
and the ball surface and led to a lower target score.

4.2. Skin Friction. A curve relationship was observed be-
tween the moisture reading and the hydration time, as
shown in Figure 3(a). It was noticed that the moisture
reading is increased by 55% with hydration. In the natural
state, the moisture reading was 53 au and rose to 82 au after
being hydrated for 80 s. After that, the moisture reading
showed a decreasing tendency with the hydration time and
reached a plateau around 200 s. Figure 3(b) shows the data of
the skin friction coefficient collected from different moisture
conditions. It indicated that the coefficient of the skin
friction varies with hydration time with an initial increase in
the coefficient of the skin friction when the examined fingers
were hydrated for around 80–120 s.(en, it is followed by an
approximately 35% of decrease in the coefficient of the skin
friction with time. (is finding conforms to the work of
Tomlinson et al. [22]. In their studies, an initial increase in
the coefficient of friction was observed with a small amount
of water added to participants’ hands, and then this was
followed by a decrease. Additionally, in some other studies,
Adams et al. [17] carried out a work on the frictional be-
haviour of the human skin where a polypropylene probe was
sliding on participant’s forearms under different moisture
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conditions. (e coefficient of the skin friction obtained was
found to be 0.2 μ for the dry skin and rose to 4.2 μ after
adding demineralised water to the examined skin. (e
friction coefficient then dropped to 0.2 μ when water was
removed. Based on those observations, they suggested that
the coefficient of the skin friction and the hydration time are
in consonance with a curve relationship (bell-shaped).

(e changes in the coefficient of the skin friction under
moisture conditions might be ascribed to the growth of the
contact area between the skin and the force probe/plate.
When adding water to the interface, some water would be
absorbed by skin tissues, which will help soften the skin and
lead to an increment in the contact area. According to
Amontons laws, the coefficient of the skin friction is pro-
portional to the contact area; thus, a rise in the coefficient of
the skin friction can be expected due to the increased contact
area. For the water remaining on the skin surface, it develops
into “liquid bridges” at the interface. (ose liquid bridges
formed might introduce viscous shear stress into the contact
and therefore lead to increases in the contact area and the
coefficient of the skin friction. (e capillary adhesion might
also be found to increase, which is attributed to the increased
contact area.

4.3. Mechanical Properties of the Skin. (e results of the
mechanical properties under hydration are shown in

Figure 4. It is noted that the skin deformation is reduced
from 0.14mm to 0.11mm with the hydration time of 120 s.
After that, it is found to gradually recede to 0.11mm. An
opposite phenomenon was found in the global elasticity of
the skin (Ur/Ue, where Ur is the immediate retraction and Ue
is the immediate distension). Figure 4(b) shows that the
global elasticity reaches to 0.7 with the hydration time of
120 s and then decreases to a steady value of 0.5 at 400 s. (e
viscoelasticity (Uv/Ue, where Uv is the delayed distension)
was found to be strongly associated with the hydration time
as there is a significant reduction observed in Figure 4(c). A
curved behaviour was also noted in the normal stiffness with
the hydration time, as shown in Figure 4(d). Similar to that
of the global elasticity, the normal stiffness has an initial
increase of 35% at 120 s, followed by a decline to 0.17 at 400 s.

In previous studies of the skin’s mechanical properties,
Yuan and Verma [28] indicated that the elastic modulus of
the stratum corneum (SC) can be obtained using a nonin-
vasive technique by using a Hysitron TriboScope. (e elastic
modulus can be defined as a function of unloading stiffness:

E �

��
π

√

2
��
A

√ ∗
dN

dL
 , (1)

where E is Young’s modulus, A is the contact area, N is the
normal load applied on the skin surface, and L is the skin
deformation subject to the normal load [28]. In their
comparative study of elastic modulus in the dry and wet
skin, the results show that the elastic modulus of the dry skin
is one order of magnitude higher than that of the wet skin.
Hendricks and Franklin [15] found that the skin stiffness for
finger pads is decreased by about an order of magnitude
while increasing its moisture level. (e results of Liu et al.’s
studies indicated that the elastic modulus and the normal
stiffness start to decrease while increasing the thicknesses of
the artificial fingers [19]. (eir further studies of rubbing
tests indicated that one of the possibilities for the reduction
in friction force is likely to be the change in SC thickness.
According to Liu et al. [19], the adhesion force is in inverse
proportion to skin stiffness. (e removal of SC does not
affect the normal stiffness of the skin, but it does affect the
lateral stiffness of the skin.(is finding is in good accordance
with our observation in Figure 4(d) as no obvious change
was noted in the normal stiffness of the skin. In a similar
study carried out by Pailler-Mattei et al. [21], they pointed
out that the lateral stiffness of the skin is decreased with the
removal of the thickness of the SC. (ey assumed that the
change in lateral stiffness might influence the global me-
chanical properties of the skin and hence influence its
friction coefficient.

From the above findings, it is concluded that the coef-
ficient of the skin friction closely correlates with the SC
thickness. (erefore, it is expected to observe a decrease in
the elastic modulus of the skin while increasing the thickness
of the skin related to hydration. Figure 4(a) shows that there
is an initial decrease and then an increase in the deformation
when the finger pads were hydrated in water up to 400 s.
However, the corresponding change in the global elasticity
of the skin is not significant. One of the possible causes could

Table 2: (e results collected from the target passing test.

Participants
Moisture levels

Natural Hydrated
1

Hydrated
2

Extra
water

1
MMR± SD

(au) 71.3± 1.8 73.0± 1.8 96.0± 2.8 99.0± 0.0

Target score 6 9 6 5

2
MMR± SD

(au) 56.3± 1.3 72.3± 1.0 99.0± 0.0 99.0± 0.0

Target score 5 7 5 4

3
MMR± SD

(au) 51.3± 2.8 69.7± 1.8 86.7± 6.9 99.0± 0.0

Target score 7 8 8 5

4
MMR± SD

(au) 56.0± 4.4 77.0± 3.6 99.0± 0.0 99.0± 0.0

Target score 7 9 7 7

5
MMR± SD

(au) 67.0± 1.6 75.0± 2.8 99.0± 0.0 99.0± 0.0

Target score 6 8 6 6

6
MMR± SD

(au) 68.0± 1.7 72.0± 0.0 99.0± 0.0 99.0± 0.0

Target score 7 8 5 4

7
MMR± SD

(au) 62.7± 4.3 71.3± 0.8 93.3± 3.9 99.0± 0.0

Target score 5 7 8 5

8
MMR± SD

(au) 66.7± 0.8 78.0± 0.4 99.0± 0.0 99.0± 0.0

Target score 7 9 6 6
Note. MMR represents a mean moisture reading collected from both ex-
amined fingers, Hydrated 1 represents a medium hydration state, and
Hydrated 2 represents a high hydration state.
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be that data of the elasticity obtained are of the global
elasticity for the whole skin. (e global elasticity is believed
to be dominated by the dermis layer of the skin, so it might
be not very accurate to describe the elastic property of the
SC. In addition, in the studies of Liu et al. [27], they indicated
that no water is transmitted into the dermis layer of the skin
during the hydration treatment.(erefore, it is reasonable to
observe that the elasticity of the skin does not have sig-
nificant changes under wet conditions.

5. Data-Driven Models

To generate predictive models for anticipating the passing
scores of athletes, two widely used data-driven modelling
techniques were employed. (e first one is a feedforward
artificial neural network (ANN) with a Levenberg–Marquardt
trainingmethod [29]. In this paper, the ANNmodel was set to

have a hidden layer with eight sigmoid neurons. (e second
method used is the adaptive neuro-fuzzy inference system
(ANFIS) [30]. It is a Sugeno fuzzy rule-based system that uses
the back-propagation gradient descent and least-squares
methods in training. In this paper, the ANFIS model con-
structed has eight fuzzy rules.

In the experiments, six variables were selected as the
inputs of models, which are athletes’ weight, height, hand
length, hand width, wrist strength, and figure moisture level.
(e output of models is the score of the passing test. (e
figure moisture level has been observed to be correlated with
the ball handling performance in Section 4. (e weight and
height represent the athletes’ physical conditions and often
reflect the strength and speed of athletes. (e hand length,
hand width, and wrist strength directly relate to the ball
handling performance of humans. (ese variables are be-
lieved to be associated with the capability of passing rugby
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Figure 2: (e moisture readings and the target scores under different hydration conditions.
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Figure 3: (a) (e moisture reading versus the hydration time and (b) the skin friction coefficient versus the hydration time.
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balls and thus are used as input variables of models. Table 3
shows the basic information about athletes, which was used
in modelling. In the experiments, 80% of the collected data
were randomly selected and used in training and the
remaining 20% of the data were utilised in testing. Table 4
and Figure 5 show the performance of the developed models
in prediction. In Table 4, RMSE represents root mean square

error and R represents Pearson product-moment correlation
coefficient.

It can be observed that both the ANN and ANFISmodels
performwell in the training data, but they are less accurate in
testing. Compared with the ANFISmodel, the ANNmodel is
less accurate in training; however, it performsmuch better in
testing. (e reason lies in that ANN has a validation
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Figure 4: (a) Skin deformation (Uf) against hydration time, (b) global elasticity (Ur/Ue) against hydration time, (c) viscoelasticity (Uv/Ue)
against hydration time, and (d) normal stiffness against hydration time.

Table 3: Basic information about athletes.

Participants Weight (kg) Height (m) Hand length (cm) Hand width (cm) Wrist strength (N)
1 73 1.77 19 20 80
2 85 1.8 19 20 85
3 61 1.78 18 21 60
4 80 1.8 19 19 80
5 75 1.8 22 19 50
6 89 1.85 18 19 60
7 64 1.7 18 20 50
8 62 1.76 18 20 60
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mechanism that can prevent overtraining, which happened
in the training of the ANFIS model.

6. Conclusion

(e aim of this study was to investigate rugby players’
performance under different moisture conditions using data
analytics and data-driven modelling methods. In the rugby
ball passing test, it has been found that higher target scores
can be obtained by increasing the skin moisture to a certain
level. When the finger pads were saturated, the passing
accuracy started to drop. A quadratic polynomial function
has been proposed to describe the relationship between the
skin moisture and the target score. (e measurement of the
skin friction coefficient showed that there is bell-shaped
behaviour between the coefficient of the skin friction and the
hydration time. Additionally, in the measurement of me-
chanical properties, the skin elasticity of the finger pads was
shown to reduce with hydration. Based on the collected
experimental data, intelligent data-driven models have then
been developed to anticipate the passing performance of
rugby players under different moisture conditions, by
employing a neural-network model and a neuro-fuzzy
model. (e constructed models showed decent accuracy,
although with limited training data.
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(e data used in this research are available from the cor-
responding author upon request.
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