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Experimental Study on Gender Differences in
Hands and Sequence of Force Application on
Grip and Hand-Grip Control

Kun-Hsi Liao
Department of Product Development and Design, Taiwan Shoufu University, Tainan, Taiwan

The purpose of this study was to examine how gender of young adults in Taiwan affected the ability of their
hands to apply force regarding the use of the left or right hand and the varying sequences of force application.
Maximal voluntary contraction of grip (MVC ,) and hand-grip control (HGC syq,) of 200 participants was
measured. The study discovered that gender showed significant differences in the scale of MVC ,, whereas
there were no significant differences in HGC s,q,. Left hand versus right hand resulted in significant differ-
ences in the scale of MVC ,, whereas there were no significant differences in the scale of HGC syq,. The 5 lev-
els of the sequence of force application showed no significant differences in either MVC , or HGC 54q, The
interactive effects of the 3 factors (gender, hand, and sequence of force application) showed no significant dif-

ferences. The results of the study can serve as a reference in designing tools.

maximal voluntary contraction of grip  grip  hand-grip control  gender differences

1. INTRODUCTION

Economic development and industrial progress
have led to a widespread use of automated opera-
tions. However, many products are not yet auto-
matically operated. Therefore, manual workers
must still know how to use various hand tools and
equipment. Although automated systems are
prevalent, manual operations remain necessary.
Force application of the hands is the most com-
mon method of operating hand tools and moving
objects. Three chief types of force application are
involved in using hands: grip, pinch, and torque,
of which grip is used most frequently for control-
ling force application. However, excessive or
inappropriate force application is the foremost
cause of musculoskeletal injuries [1], especially
regarding cumulative injuries and cumulative
trauma disorders (CTDs). In addition, upper limb
CTDs are often related to excessive force applica-
tion when using hands, as well as repetitive and
high-frequency actions [2, 3, 4, 5, 6]. Therefore,
developing a method to avoid injuries caused by

an inappropriate use of tools is an important issue
in human factor engineering.

Hand injuries are related to many factors, e.g.,
tool use, method of force application, time and
frequency of force application, and individual
physique. Understanding the level of force appli-
cation for each group is not only critical to tool
design, but it is also important for developing a
reference to create standards for force applica-
tion. Shih, Fu, and Wang indicated that when a
tool handle was ~38-50 mm long, both male and
female users had greater grips [7]. Their study
used five handle diameters (25.4, 38.1, 50.8, 63.5,
and 76.2 mm) to exert maximal voluntary contrac-
tion (MVC). They found that 38-51 mm was the
most suitable size for young adults in Taiwan to
exert their maximal grip because this size produced
more grip power than other diameters and was less
likely to cause muscle fatigue. The relationship of
MVC to grip diameter was not linear. Handle
lengths with these specifications were the most
labor-saving and least likely to cause injury. In
addition, Shih et al. indicated that grip strength
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was related to the height of hands and elbows,
signifying that body height was a potential influ-
encing factor for grip strength [7]. Grant, Habes,
and Steward [8] and Uetake and Shimoda [9] dem-
onstrated that tool handle diameter affected force
application. For example, when the handle diame-
ter was 1 cm shorter than the longest inner diameter
of a hand, maximal voluntary contraction of grip
(MVC,) was greatest. Therefore, grip is affected by
tool handle diameter. This means that handle size
requires attention when new tools are designed.

Furthermore, muscle injuries are often related
to the number and frequency of hand grip use.
Using tools too many times or too frequently, or
exceeding the MVC, range, can easily cause
muscle injuries, and reduce tool use efficiency.
According to Hung, when consecutively applying
force using grip, taking 30-s breaks between each
operation resulted in the best results for all three
types of loading weight operations [10]. There-
fore, Hung recommended short breaks between
each measurement during experiments on grip.

The strength of force application is related to
individual physique and gender. Studying gender
differences has become increasingly important as
more women have entered the workforce. Kuo
showed that in every grip distance and position-
ing of the hand or wrist, MVC, was greater in
males than in females [11]. The MVC o of females
was ~58% that of males. Regardless of whether
the participants wore or did not wear gloves of
any type, the males all had greater MVC, than
the females.

In addition, Shih et al. showed an obvious dif-
ference in the ability to apply force between
young males and females in Taiwan, in that the
MVC, of females was ~46% that of males [7]. Li
and Hunag discussed factors, such as gender, arm
position, the angle of hand inclination, and
showed that the use of the left or right hand cre-
ated significant differences for MVC o [12]. How-
ever, some studies showed no differences in the
action and reaction times between males and
females. Yandel and Spirduso showed that there
were no significant differences between the
action and reaction times of males and females in
sports [13]. According to Lin, some studies on
the reaction time for males and females during
exercise showed differences between males and

JOSE 2014, Vol. 20, No. 1

females, whereas others did not [14]. Results on
grip and sports performance differences between
genders depend on many factors, such as the
experimental design and scale of sampling [15].

Some researchers found gender differences to
influence sports performance [7, 11, 12, 16],
whereas others did not [13, 14, 15]. However,
none of those studies excluded interference from
related variables, e.g., height and body weight.
No study has examined grip differences between
genders after excluding height and body weight.
Therefore, there are no conclusions on whether
gender influences grip, and action and reaction
time. Thus, when investigating the influence of
gender on grip, and action and reaction time, all
variables must be strictly controlled.

Using both hands is a requisite condition for
human labor. However, for this study, we did not
consider whether humans used one hand more
than the other (because the use of the left or right
hand is unequal) or whether this was caused by
the differing abilities of each hand. To consider
the chances of operating with the left and right
hand as unequal, it is necessary to establish first
which hand is dominant. Most young adults in
Taiwan are right-hand dominant. According to
Chang, over 99% of young adults (15-22 years)
in Taiwan use their right hand to write, and over
94% (males: 94%, females: 96%) chiefly use
their right hand during sports [17]. There are no
differences between the grip of the left and right
hand for males and females who use their domi-
nant hand to write. Jing conducted a study on the
control characteristics in the left and right hand
when swinging a stick [18]. Jing found that when
participants swung the stick, the reaction time of
the right hand decreased with an increase of
broad band, in which the reaction time of the
right hand was generally shorter than that of the
left hand. The abilities of the left and right hand
differ according to operational circumstances.
Right-handed people have an increased chance of
injuring their right hand [19, 20, 21, 22]. In addi-
tion, research on whether differences exist in
MVC, between the left and right hand is scant.
MVC, is an important source of power during
human labor operations. The influence of gender
on the left and right hand and the sequence of
force application, as well as the differences in these
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aspects, can be used as important references for fil-
tering and selecting personnel and work designs.
The operation of force application by hand is
not only related to MVC 2 but is also relevant to
assessing the ability to attain different levels of
force application [23]. This ability is known as
hand-grip control (HGC). HGC is the precise
level of the control power of the palm, known as
grip force control. For example, what is the exact
amount of power required to cut an electrical
wire? How much power is required to drill a
screw? HGC is the answer. HGC can also be used
as a reference for tool resistance and for estab-
lishing reaction time. Problems with HGC are
also indicators of work performance and safety.
HGC is commonly used in daily tasks. Hoeger
and Hoeger showed that by taking advantage of
the percentage of MVC,,
took the figures as test standards [24]. Excellent

researchers usually

HGC can facilitate tasks and reduce the number
of force applications, whereas people with poor
HGC work harder and tire more easily. HGC is
an important factor for success in sports [25].
Furthermore, it is an assessment category on the
action sensations test [26]. Kuo demonstrated that
in operating safety, other than requesting the
strength of force application (MVC,) to reach the
assessment of different levels of force application
(HGC), a researcher should consider the HGC
effects [11]. Many operations use grip force con-
trol. HGC is an important factor in industrial
safety and ergonomics. An understanding of
HGC in all types of workers can also help in
designing new hand tools.

The purpose of this study was to examine how
gender of young adults in Taiwan affected the
ability of their hands to apply force with their left
or right hand, and the varying sequences of the
force of application. This study examined the
interactions among the variables of gender, hand,
and sequence of force application in MVC/HGC.
Research on the relationship between HGC and
gender or hand, and sequence of force application
has been scant. The relationships among these
variables are crucial. Tasks involving HGC are
numerous. However, we often consider MVCg
only, instead of using HGC to solve work-related
problems. Developing relevant research and data
on hand grip and HGC in young adults in Taiwan

is necessary for the development and application
of industrial safety and sanitary standards and
procedures.

2. METHOD

2.1. Participants and Instruments

This study consisted of two experiments that
evaluated MVC, and HGC. Two hundred people
aged 18-27 years participated in the experiments:
117 men and 83 women. The participants’ hand-
edness was unspecified in this study. However,
according to Chang, most young adults in Taiwan
are right-hand dominant [17]. Table 1 shows
anthropometric data. None of the participants had
any muscle or joint injuries. For MVC, and
HGC, a hand-grip dynamometer in minute style
(TKK 5001 from Takkei, Japan; five levels of
34.9, 47.6, 60.3, 73.0, and 85.7 mm) was the
examination tool (Figure 1). During the tests, the
handle diameter of the dynamometer was set at
47.6 mm as this was capable of producing the
highest MVC,, was least likely to cause muscle
fatigue, and was well-suited for young adults in
Taiwan [7, 9, 27].

2.2. Experiment Design

MVC, and HGC were the dependent variables.
Gender (male/female), hand (left/right), and
sequences of force application (I-V) were the
independent variables. The sequence of force
application was the order of hand-grip operations,
i.e., when the participants first operated the hand-
grip, the data produced were labeled sequence I;
the second time was labeled sequence II. The par-
ticipants continued until they completed five
trials.

Figure 1. Hand grip dynamometer in minute
style.

JOSE 2014, Vol. 20, No. 1
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TABLE 1. Anthropometric Data of Participants

Characteristic Gender M (SD) Range
Age (years) male 20.2 (0.98) 18-27
female 19.9 (1.01) 1825
Height (cm) male 171.3 (5.29) 162—-185
female 159.1 (6.16) 151-175
Body weight (kg) male 73.5 (9.21) 51-85
female 47.6 (7.81) 40-65

Notes. Of the 200 participants, 117 were male, 83 were female.

2.3. Experimental Processes

Experimental steps and procedures were imple-
mented in accordance with the methods discussed
by Caldwell, Chaffin, Dukes-Dobos, et al. [28].
MVC, and HGC were tested in a seated posture
with the participants’ arms straight down their
sides (Figure 2). The participants’ grip power was
affected by posture [7]. However, the effect was
not significant. To simplify the experimental
design, we used a fixed posture to collect data.
Before conducting individual MVC, and HGC
tests, the participants had sufficient rest and
became familiarized with the experimental proce-
dure. While applying force, they held onto the
hand-grip dynamometer tightly for ~3 s, relaxed,
and then repeated the operation 5 times. They
took 10-s breaks between each operation. After
performing the experiment for 30 min, the partic-
ipants rested for at least 5 min.

Tests for HGC were performed in accordance
with the methods and instruments discussed by
Murase, Kinoshita, Ikuta, et al. [25]; an indicated
hand grip value of 50% of MVC, was the stand-
ard. The participants were asked to attain this
standard as accurately as possible, and the devia-
tion between the standard and the participants’
grip levels was calculated. A lower value of the
deviation indicated better HGC. Equation 1 deter-
mined the accuracy of HGC:

E,=|Fy—F), (1)

where E; = accuracy of hand-grip control (kg),
F, = value of hand grip (kg), F;= estimated value
of participant’s actual grip (kg), |Fj,— F;| = abso-
lute value after deducting F; from F, (kg).

The F,yadopted in this study was one half of the
value obtained from the average when a partici-
pant’'s MVC, was measured 5 times as the stand-

JOSE 2014, Vol. 20, No. 1

ard of HGC 5,; the data were 50% of MVC,
(HGC 544,). HGC 554, was measured 5 times. The
advantages and disadvantages of HGC 5,,, were
determined on the basis of the deviations between
the value of hand grip performed by the partici-
pants and the targeted loading value of MVC 5.
A lower absolute value of the deviation indicated
higher precision of HGC 5, whereas a higher
absolute value of the deviation indicated lower
precision of HGC 5, [25]. After the tests, all data
were analyzed with SPSS version 17.0.

2.4, Statistical Analysis

Statistical analysis included an analysis of
descriptive statistics, the basic assumption test of
covariance, and group differences comparing
MVC and HGC. Analysis of variance (ANOVA)
was used to compare the group differences
among gender, hand, and sequence of force appli-
cation for MVC/HGC. For analysis of covariance
(ANCOVA), height and body weight were used
to test the covariance effect of the group differ-
ences among gender, hand, and sequence of force
application for MVC/HGC.

Figure 2. Participants’ posture for MVC ,/JHGC
testing. Notes. MVC ;= maximal voluntary
contraction of grip, HGC = hand-grip control.
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3. RESULTS

3.1. Basic Assumption Test of ANCOVA

The basic assumption test of ANCOVA includes
the moderating variables selection and the variables
correlation test. Height, body weight, and body
mass index (BMI) were assumed to be the moderat-
ing variables in ANCOVA. The results of these
effects were that MVC, had a positive correlation
with height (r = .722**, p <.001) and body weight
(r=.782"*, p <.001), whereas HGC y,,, had a neg-
ative correlation with body weight (r = —.140%,
p < .05). BMI is a statistical measure of body
weight based on a person’s weight and height. The
correlation between BMI and weight was .942, and
the correlation between BMI and MVC was .690.

3.2. Test of Homogeneity

The homogeneity test was chiefly adopted
using homogeneity of within regression. Mauch-
ly’s sphericity test can be expressed with the

Greenhouse—Geisser value because it shows both
the within- and between-group effects. The
Greenhouse—Geisser value for hand grip was
912, and the HGC result was .954. Therefore, the
dependent samples did not violate the basic
assumption of ANOVA [31], and it was possible
to further conduct ANOVA.

3.3. ANCOVA for Height and Body Weight

Tables 2—3 show the results collected with ANOVA
with no moderator variable, height, body weight,
and height and body weight as moderator variables.
Tables 2-3 show that if interference from height
and body weight is not eliminated, ANOVA can be
used directly; there were no significant differences
between MVC,, and HGC 5, for sequence of force
application. However, after excluding the interfer-
ence of height, body weight, and height and body
weight, there were no significant differences
between MVC,, and HGC 5y, for sequence of force
application. Height and body weight did not

TABLE 2. Analysis of Covariance (ANCOVA) for MVC , With Various Moderator Variables (p)

Moderator Variable

Group None Height Body Weight Height + Body Weight
Gender (A) <.001*** <.001*** <.001™*** <.001***

Hand (B) <.001*** .007** .001** .007**
Sequence of force application (C) <.001*** 724 .395 .682

AxB 741 .661 .822 .929

AxC <.001*** .032 .078 .369

BxC .034 .752 406 .621

AxBxC .293 310 439 431

Notes. *p < .05, **p < .01, **p < .001; MVC , = maximal voluntary contraction of grip.

TABLE 3. Analysis of Covariance (ANCOVA) for HGC 5,., With Various Moderator Variables (p)

Moderator Variable

Group None Height Body Weight  Height + Body Weight
Gender (A) 224 .308 447 .638
Hand (B) .053 .890 .627 .957
Sequence of force application (C) <.001*** .959 .891 .991
AxB 496 401 737 .646
AxC .539 .733 .895 .895
BxC .655 526 .389 .666
AxBxC 219 .390 515 747

Notes. *** p < .001; HGC 54, = hand-grip control.

JOSE 2014, Vol. 20, No. 1
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affect the significance of MVC, for gender and
hands.

3.4. ANCOVA for MVC,

In ANCOVA for MVC,, this study used height,
body weight, and height and body weight as mod-
erator variables to investigate the differences for

MVC, with the independent variables of gender,
hand, and sequences of force application (Table 4).

3.5. Means of MVC, for Each Group

After ANCOVA on the experimental data, the
means and standard errors of MVC, for each
group were determined (Table 5).

TABLE 4. Summary of Analysis of Covariance (ANCOVA) for MVC,, (B and C Factors Are Repeated

Measure Design)?®

Source of Variance

Group SS df MS F p
Gender (A) 21442.871 1 21442.871 113.764 <.001***
Hand (B) 202.451 1 202.451 7.549 .007*
Sequence of force application (C) 21.330 4 5.332 0.573 .682
AxB 0.214 1 0.214 0.008 .929
AxC 39.908 4 9.977 1.072 .369
BxC 19.703 4 4.926 0.658 .621
AxBxC 28.614 4 7.513 0.956 431

Notes. **p < 0.01, ***p < 0.001; a = height and body weight as the moderator variable; MVCg = maximal

voluntary contraction of grip.

TABLE 5. Experimental MVC g (kg) Measured for Each Independent Variable, M (SE)

Group Level of Variables
Gender (A) male female
40.4 (0.563) 28.3 (0.733)
Hand (B) right left
36.2 (0.346) 32.5(0.342)
Sequence of force application (C) | Il 1l \Y \Y,

36.4 (0.315) 35.3(0.331) 34.1(0.381) 33.4(0.368) 32.7 (0.362)

AxB right left
male 42.3 (0.605) 38.6 (0.599)
female 30.2 (0.788) 26.5 (0.780)
BxC I I M v V
right 38.5(0.347) 37.5(0.373) 35.9(0.451) 35.1(0.407) 34.2(0.427)
left 34.3(0.342) 33.1(0.370) 32.3(0.460) 31.7 (0.411) 31.1(0.393)
AxC [ I M v v
male 42.8 (0.551) 41.5(0.578) 40.6(0.668) 39.1(0.644) 38.4(0.633)
female 30.1 (0.717) 29.1 (0.753) 27.9(0.869) 27.6(0.839) 27.0(0.824)
AxBxC I I M v v

male right

left  40.9 (0.598) 39.4 (0.647
32.3(0.789) 31.3
) 26.8 (0.842

female right
left 27.8 (0.779

447 (0.607) 43.7 (0.653

423 (0.789) 40.7 (0.713) 40.3 (0.747
38.4 (0.711) 37.7(0.720) 36.4 (0.688
296 (1.03) 29.8(0.927) 28.1(0.973
26.2 (0.924) 25.6(0.937) 25.8 (0.896

( )
( )
(0.849)
( )

— = = -

Notes. MVC , = maximal voluntary contraction of grip.
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3.6. ANCOVA for HGC 5,

In ANCOVA for HGC 5, this study used height,
body weight, and height and body weight as
moderator variables to investigate the influence

3.7. Means of HGC 5, for Each Group

After ANCOVA on the experimental data, the
means and standard errors of HGC s, for each
group were determined (Table 7).

of the independent variables of gender, hand, and
sequence of force application on HGC 5,
(Table 6).

TABLE 6. Summary of Analysis of Covariance (ANCOVA) of HGC 3., (B and C Factors Are Repeated
Measure Design) ?

Source of Variance

Group SS df MS F p

Gender (A) 2.824 1 2.824 0.222 .638
Hand (B) 0.017 1 0.017 0.003 .957
Sequence of force application (C) 0.808 4 0.202 0.070 .991
AxB 1.314 1 1.314 0.211 .646
AxC 3.157 4 0.789 0.274 .895
BxC 0.602 4 1.505 0.596 .666
AxBxC 4.902 4 1.225 0.485 747

Notes. a = height and body weight as the moderator variable; HGC 54, = hand-grip control.

TABLE 7. Experimental HGC 5., (kg) Measured for Each Independent Variable, M (SE)

Group Level of Variables
Gender (A) male female
2.34 (0.146) 2.21 (0.190)
Hand (B) right left
2.39 (0.116) 2.16 (0.085)
Sequence of force application (C) | Il 1 v Y

2.79 (0.122) 2.34(0.110) 2.17 (0.114) 2.07 (0.121) 2.01 (0.108)

AxB right left
male 2.41 (0.204) 2.28 (0.149)
female 2.36 (0.265) 2.05 (0.204)
BxC | Il i v \Y
right 2.88(0.162) 2.54(0.162) 2.34(0.166) 2.10(0.147) 2.06 (0.151)
left 2.70 (0.147) 2.15(0.128) 2.00(0.137) 2.01(0.161) 1.99 (0.125)
AxC | Il i \Y \Y
male 2.83(0.214) 2.29(0.193) 2.27 (0.200) 2.15(0.212) 2.18 (0.190)
female 2.75(0.278) 2.39(0.251) 2.06 (0.261) 1.99(0.276) 1.84 (0.247)
AxBxC | Il I v \Y
male right ~ 2.81(0.284) 2.49(0.283) 2.51(0.290) 2.22 (0.258) 2.71 (0.265)
left 2.85(0.258) 2.10(0.223) 2.30 (0.240) 2.08 (0.281) 2.08 (0.219)
female right 2.96 (0.369) 2.60(0.368) 2.44 (0.378) 1.99(0.336) 1.86 (0.345)
left 2.56 (0.336) 2.20(0.290) 1.70(0.312) 1.98 (0.366) 1.81 (0.286)

Notes. HGC 54, = hand-grip control.

JOSE 2014, Vol. 20, No. 1



Downloaded by [185.55.64.226] at 06:10 15 March 2015

84 K.H LIAO

4. DISCUSSION

4.1. Basic Assumption Test

We used ANCOVA to investigate the differences
in hand grip and HGC in various groups (gender,
hand, and sequence of force application). Gender,
hand, and sequence of force application were the
independent variables. MVC, and HGC 5, were
the dependent variables, and height, body weight,
and height and body weight were the moderator
variables. Height and body weight are basic char-
acteristics of human physiology that affect the
actions of daily life. Luna-Heredia, Martin-Pefia,
and Ruiz-Galiana found that grip strength in
healthy people was positively correlated with
height [29]. Height and body weight were
selected as moderator variables because of their
influence on hand grip and HGC. The moderator
variables were selected in accordance with Bry-
man and Cramer’s recommendations [30]. Bry-
man and Cramer proposed that if the correlation
coefficients of two moderator variables were both
over .80, either could be selected as a moderator
variable. However, we found that the correlation
coefficient of height and body weight was .79,
i.e., under the necessary .80. Therefore, height
and body weight were used as moderator varia-
bles for ANCOVA. In accordance with the prin-
ciples of selecting moderator variables, we
selected weight as the co-variable, not BMI.

4.2. Test of Homogeneity

When performing ANCOVA, we had to focus on
whether the sampling met the basic assumption
of ANCOVA, including normality and homoge-
neity, as well as the basic assumption of the
dependent sample. For the data in this research,
hands and sequence of force application results
were the dependent sample, and in turn we
needed to work on the basic assumption test of
the dependent sample. When the test met the
basic assumption, it was followed with
ANCOVA. Verification of the dependent sample
required using the Greenhouse—Geisser value as
an indicator for testing.

The homogeneity test was chiefly adopted
using homogeneity of within regression. The test

JOSE 2014, Vol. 20, No. 1

results for hand grip, other than the group of gen-
der x hands x body weight, the homogeneity of
within regression for each group had p > .05.
Therefore, the null hypothesis was not rejected,
meaning that the slope of the regression line for
each group was the same. After eliminating the
interference of height and body weight, hand grip
of each group did not change because of the dif-
ferences in each handling level of each independ-
ent variable. Therefore, it was possible to perform
ANCOVA.

For the results of homogeneity of within regres-
sion for hand-gripping control, p > .05 for each
group (gender, hand, and sequence of force appli-
cation; gender x hand; hand x sequence of force
application; gender x sequence of force applica-
tion; and gender x hand x sequence of force
application), although they did not reach a level
of significance of .05. Therefore, the null hypoth-
esis was not rejected. Furthermore, this indicates
that the slope of the regression line for each group
was the same. After eliminating the interference
of height and body weight, the HGC of each
group did not change because of the differences
in each handling level of each independent varia-
ble. This was not in violation with the basic
assumption of ANCOVA, and the basic assump-
tion test on hand grip and hand-grip control was
suitable for performing ANCOVA [32].

4.3. Summary of MVC, Analysis

Table 4 shows the results of ANCOVA (height
and body weight as moderator variables). The
chief effects of the three independent variables
follow. First, the test of between-participant
effects of gender reached a level of significance,
indicating that the male and female groups both
reached a level of significance; F(1, 196) =
113.764, p < .001. This study is important
because an increasing number of males and
females operate handle grip systems, such as
tools. Previous research supports the findings of
this study [7, 11, 12, 33, 34]. Second, the test for
hand within-participant effect reached a level of
significance; F(1, 196) = 7.549, p = .007. This
indicates that the left and right hand reached a
level of significance. Third, the test for the
sequence of force application within-participant
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effect did not reach a level of significance;
F(1,784) = 0.573, p = .682. This indicates that
there were no differences for MVC, from the var-
ious sequences of force application.

For the interactive effects of the variances
between two factors, the A x B group (F(1, 196)
=0.008, p = .929) did not reach a level of signifi-
cance; the A x C group (F(4, 784) = 1.072,
p = .369) did not reach a level of significance;
and the B x C group (F(1, 4) = 0.658, p = .621)
did not reach a level of significance (Table 4).
Therefore, for the two-factor variance among the
three groups, there were no interactive effects and
there was no need to perform a simple main-
effect analysis. Furthermore, for the two-factor
groups (gender x hands, and gender x sequences
of force application; and hands x sequences of
force application), there were no differences for
MVC,. Regarding the interactive effects of the
three-factor variances, the A x B x C group
(F(4,784) =0.956, p = .431) did not reach a level
of significance. This demonstrates that there were
no interactive effects among the three factors
(gender x hands x sequences of force applica-
tion). There was no need to perform a simple
main-effects analysis. Finally, the group had no
differences for MVC,,.

4.4. Means of MVC, for Each Group

Table 4 shows there were significant differences
in MVC, between males and females. MVC, of
females in Taiwan was ~70.0% that of males
(28.3/40.4). These results support Hallbeck and
McMullin’s findings [33] (Table 8). However,
there were slight differences between our study
and those by Shih et al. [7], Uetake and Shimoda
[9], and Swanson, Matev, and de Groot [34].
Many factors could have caused differences
between the percentages of force application for

males and females, including physiology, ethnic-
ity, age, and differences in the use of instruments
and handles [7, 9, 17]. Table 4 shows there were
significant differences in MVC,, between the left
and right hand. MVC, for the left hand of young
adults in Taiwan was ~89.8% that for the right
hand (32.5/36.2), possibly because most Taiwan-
ese use their right hand more often than their left
one. Regarding the results for the sequence of
force application, the first sequence had the great-
est value, followed by decreases of 3% per
sequence until the fifth and final sequence. This
decrease was caused by repeated force applica-
tion and muscle fatigue, which led to decreased
hand-grip strength [4, 10].

Thereafter, the effects of MVC . with two and
three factors were investigated. Table 5 shows
that MVC, of the males’ right hand was highest
at 42.3 kg, whereas the value for the left hand
was 38.6 kg. For females, MVC, for the right
hand was 30.2 kg and 26.5 kg for the left one.
However, as the results of ANOVA indicate,
there were no obvious interactive effects between
gender and left/right hand. The differences
between MVC, for the left and right hand were
possibly caused by most participants being right-
hand dominant, which made their right hand
stronger and produced higher MVC, [17].

Regarding the effects of MVC, on hands and
sequence of force application (B x C), Table 5
shows that the values of MVC, for the right hand
were all higher than for the left one. All partici-
pants produced greater MVC,, during the first
sequence (right hand, 38.5 kg; left hand, 34.3 kg).
Following the first force application, MVC,
gradually decreased. The value of MVC, was
lowest during the fifth sequence (right hand,
34.2 kg; left hand, 31.1 kg). In accordance with
the increase in force application, MVC, for the
right hand decreased by an average of 2.9% for

TABLE 8. Comparison of MVC g, (kg) for Males and Females in Various Studies

Uetake & Hallbeck & Swanson, Matev, Shih, Fu, &
Gender This study Shimoda [9] McMullin [33] & de Groot [34] Wang [7]
Male 40.4 50.5 39.4 47.6 38.1
Female 28.3 33.9 28.6 24.6 17.4
Female/male 70.0% 67.1% 72.6% 51.7% 45.7%

Notes. MVC 4 = maximal voluntary contraction of grip.

JOSE 2014, Vol. 20, No. 1
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each sequence and an average of 2.4% for each
sequence for the left hand. The decreasing trends
for the left and right hand were similar, although
their values were different. However, there were
no interactive effects between hand and sequence
of force application.

Regarding the influence of gender and
sequence of force application (A x C) on MVC,,
the values of MVC, for the males were all higher
than those for the females (Table 5). All male and
female participants produced highest MVC,, dur-
ing the first force application (males, 42.8 kg;
females, 30.1 kg). After the first force applica-
tion, MVC, of the male and female participants
gradually decreased. Force application and hand
grip gradually decreased until the fifth sequence,
where the value of MVCg was lowest (males,
38.4 kg; females, 27.0 kg). In accordance with
the increase in force application, the value of
MVC, decreased an average of 2.7% for each
sequence for both males and females. The
decreasing trends for males and females were
similar. However, there were no interactive
effects between gender and sequence of force
application.

Regarding the influence of gender, hand, and
sequence of force application on MVC,, the
highest value was for the right hand of the male
group during the first force application (44.7 kg),
whereas the fifth force application for the left
hand of the female group was the lowest
(25.8 kg). There were no interactive effects
among the three factors.

4.5. Summary of HGC 5,5 Analysis

Table 6 shows the results of ANCOVA (height
and body weight as the moderator variable). The
chief effects of the three independent variables
follow. First, the test for the between-participant
effects of gender did not reach a level of signifi-
cance (F(1, 196) = 0.222, p = .638), indicating
that HGC 5, between males and females did not
reach a level of significance. Thompson, Mann,
and Harris [35] and Sherman [36] reported that
males and females differed in their performance
of spatial and cognitive tasks. Irwing and Lynn
performed a meta-analysis of 22 studies of uni-
versity samples on progressive matrices and

JOSE 2014, Vol. 20, No. 1

found that males had an advantage averaging
between 3.3 and 5.0 1Q points [37]. Other studies
showed that males had higher test score variances
than females. The results of those previous stud-
ies do not support the findings of this study. This
may be because the tasks performed in those
studies chiefly involved strength control, causing
gender-independent human performance. More
research is necessary to understand how IQ can
be correlated with HGC accuracy. Second, the
test examining hand within-participant effect did
not reach a level of significance (F(1, 196) =
0.003, p = .957), indicating that HGC s, between
the left and right hand did not reach a level of sig-
nificance. Third, the test investigating sequences
of force application within-participant effect did
not reach a level of significance (F(1, 784) =
0.07, p = .991), demonstrating that there were no
differences for HGC 5,4, among the varying
sequences of force application.

Regarding the interactive effects of variances
between two factors, the A x B group (F(1, 196)
=0.211, p = .646) did not reach a level of signifi-
cance; the A x C group (F(4, 784) = 0.274,
p = .895) did not reach a level of significance;
and the B x C group (F(1, 4) = 0.596, p = .666)
did not reach a level of significance. Therefore,
for the two-factor variance among the three
groups, there were no interactive effects and there
was no need to perform a simple main-effects
analysis. Furthermore, for the two-factor vari-
ances of the three groups (gender x hands; gender
x sequences of force application; and hands x
sequences of force application), there were no
differences for HGC 5.

The interactive effects of the three-factor vari-
ances for the A x B x C group (F(4, 784)=0.485,
p = .747) did not reach a level of significance,
indicating that there were no interactive effects
among the three factors (gender x hands x
sequences of force application), and there was no
need to perform a simple main-effects analysis.
Furthermore, there was no difference for
HGC 5.

In summary of these analyses, we found that,
after excluding the effects of height and body
weight, gender, hand, and sequences of force
application had no significant influence on force
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application. Furthermore, there were no interac-
tive effects among the influences of two and three
factors.

4.6. Means of HGC ¢, for Each Group

Table 7 shows there were significant differences
for the HGC 5,4, means between the males and
females. The deviation value of HGC y, of the
females was ~94.4% that of the males (2.21/2.34).
The deviation value of HGC s, for the females
was lower than that of males. Therefore, HGC 5,
of the females was better than that of the males.
This may have been because the females were
more careful while performing the test, leading to
lower deviations. However, they did not reach a
level of statistical significance.

The deviation value of HGC 5, for the left
hand of young adults in Taiwan was ~90.4% that
for the right hand (2.16/2.39). The deviation
value of HGC s, for the left hand was lower than
that for the right hand. Consequently, HGC 5,
for the left hand was higher than that for the right
hand. However, neither the right or left hand
results reached a level of statistical significance
(Table 3). The lower deviation for the left hand
may have been caused by the participants being
more vigilant while using their left hand.

Regarding the sequence of force application,
the deviation of HGC s, was highest during the
first force application (Table 7), gradually
decreasing after each sequence until the fifth and
final sequence, where it was lowest. The value on
the second sequence was ~83.9% of the first
sequence (2.34/2.79); the value of the third
sequence was ~92.7% of the second sequence
(2.17/2.34); the value of the fourth sequence was
~95.4% of the third sequence (2.07/2.17); and the
value of the fifth sequence was ~97.1% of the
fourth sequence (2.01/2.07). As demonstrated by
the trends, in addition to the increased frequency
of force application, the deviation value of
HGC 5, decreased linearly by an average of
7.7% per sequence. The gradual reductions of the
deviations of HGC were probably caused by
fatigue from repeated force application, as well as
increased familiarity. However, there were no
significant differences for the statistics of each
force application. Previous studies showed that

precision of HGC could increase as a result of
frequent operation.

We also investigated the effects of various fac-
tors on HGC . This study first examined how
gender and hands (A x B) affected HGC 5. The
lowest value of HGC 5,4, was recorded for the left
hand of the males (2.28 kg), whereas the right
hand score was 2.41 kg (Table 7). For the
females, the lowest value of HGC 5y, was
recorded for the left hand (2.05 kg), and the value
for the right hand was 2.36 kg. However, the
results of ANOVA indicated that there were no
interactive effects between gender, and left and
right hand (A x B, p = .496) (Table 3).

Regarding the effects of hand and sequence of
force application (B x C) on HGC 5, the values
of HGC 5, for the right hand were all higher than
those of the left hand during the sequence tests
(Table 7). All participants recorded higher
HGC 5, during the first sequence (right hand,
2.88 kg; left hand, 2.70 kg). Following the initial
sequence, HGC 5, gradually decreased until the
fifth and final force application sequence, which
had the lowest values (right hand, 2.06 kg; left
hand, 1.99 kg). With an increase in force applica-
tion, HGC 5, decreased by an average of 7.0%
for the right hand following each sequence and an
average of 7.1% following each sequence for the
left hand. The values recorded during the fourth
sequence were higher than those during the fifth
sequence, possibly because of deviations created
during the experiment. Although the decreasing
trends between the left and right hands were simi-
lar, their values were different. However, there
were no interactive effects between hands and
sequences of force application.

Regarding the effects of gender and sequences
of force application (A x C) on HGC 5, the val-
ues of HGC 5, during the sequence tests were
higher for males than for females (Table 7). All
participants recorded higher MVC, during the
first sequence (males, 2.83 kg; females, 2.75 kg).
Following the initial sequence, HGC 5, gradu-
ally decreased for males and females until the
fifth and final sequence of force application,
which had the lowest values (males, 2.18 kg;
females, 1.84 kg). In accordance with the increase
in force application, the value of HGC 5, for
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males decreased by an average of 6.1% per
sequence. The values recorded during the fourth
sequence were higher than that of the fifth
sequence, possibly because of deviations during
the experiment. Furthermore, the values for the
female group decreased by an average of 9.5%
per sequence. The decreasing trends of the males
were lower than those of the females; however,
there were no interactive effects between gender
and sequence of force application.

5. CONCLUSION

Based on the results and discussion, and exclud-
ing the interference of height, body weight, and
height and body weight, this study offers the fol-
lowing conclusions. There were significant dif-
ferences between MVC, scores for males and
females, using height, body weight, and height
and body weight as moderating variables. How-
ever, no significant differences were observed in
the deviation values of HGC 5. There were sig-
nificant MVC, variations for force application
using the left and right hand, but there were no
significant HGC 5, discrepancies. For sequences
of force application, there were no significant dif-
ferences between MVC, and HGC 5, for each
application.

The MVC of grip and HGC exertion perform-
ances of young adults were different regarding
gender and hand and sequence of force applica-
tion. However, when considering individual body
weight, and the height variable effect, there were
no differences in the MVC of grip and HGC exer-
tion performances between genders and hand and
sequences of force application groups. Anthropo-
metric variables, such as body weight and height,
play an important role in predicting the outcome
of the MVC of grip and HGC.

These findings underscore that occupational
safety must consider anthropometric variable
effects for grip and hand-grip control exertion.
The data obtained in this study can be used as a
reference in relevant industries for selecting tools,
training personnel, and designing hand tools and
equipment.

JOSE 2014, Vol. 20, No. 1
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