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Abstract-- Motorcycle is a complex machine, and its riding requires mental alertness along with mind and body coordination. On the
road, motorcyclists are subjected to excessive level of noise (> 90 dBA). High noise exposure can impair the motor task functioning. The
assessment of motor task (dexterity) of motorcyclists under noise exposure has not been examined formerly as well as their psychological
health profiling. Therefore, this study is aimed to investigate the effects of noise-induced motor task functioning among young
motorcyclists (19 — 24 yrs.). The controlled laboratory experiment was conducted on undergraduate university motorcyclists (n = 60; 30
males, 30 females). Two groups were formed experimental (Exp-G; n = 30) and a controlled (Con-G; n = 30). The Exp-G operated motor
activity test under 85-90 dBA motorcycle noise exposure, while Con-G exposed to controlled noise (65 dBA) levels. The sound level was
examined concurrently by calibrated (114 dBA) Sound Level Meter. Purdue Pegboard battery test was used to measure motor task
functioning consisting four subtests (Dominant Hand; Non-Dominant Hand; Both Hands; Assembly). The Independent sample t-test
was used across all subtests to examine the comparison effect of motor task function (dexterity) between Exp-G and Con-G, and amongst
genders. Result showed that the Con-G had significantly good quality presentation (p < 0.05) in all the subtests of Purdue Pegboard as
compared to Exp-G. Gender differences were not found statistically significant (p > 0.05). Based on mean values, male participants of
the Exp-G performed better under high noise levels than females, while among Con-G, females performed better. The results
demonstrated significant effect of motorcycle noise on decreased motor task functioning of the participants (Exp-G). Therefore, it
concludes that on-road excessive noise level exposure can hinder the motor task functioning and can contribute to impair the reaction
time on excruciating hazardous position.
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leading cause of deaths [4]. Among the increasing number of
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fatalities respectively [6]. Motorcyclists are the most vulnerable

road users in the case of traffic crashes [7][8], at approximately
I. INTRODUCTION 20 times higher risk than car passengers, measured per
km[9][10]. The Royal Malaysian Police reported a significant
proportion of motorcycle fatal accidents in its national
statistics; whereby motorcycle road accidents have been the
number one cause of road traffic fatalities for five consecutive
years [11].

The reason behind motorcycle injuries is often reported as
“Human Error” [10][12]. There are number of causes related
to road accidents involving motorcyclists; reasons may include
poor maintenance of vehicle, vehicle deficit, poor road
maintenance or poor road design. It is articulated in several
reports that human error is 90% of the cause of all road traffic
injuries [9]. Human errors are usually referred under an
umbrella term as fault of victim with numerous factors such as
lack of sleep, fatigue, excessive speed, inattentiveness,
perceptual errors, lack of concentration [12]. All these human

ith rapidly growing trend in motorization, motorcycle

became the dominant mode of transportation in Asian

countries [1]. It is treated both as main and intermediate
mode of transport, before switching to the use of cars in the
developing countries of Asia. Malaysia is categorized as a
middle income or newly industrialized country, where
motorcycle is the most convenient mode of transportation [2].
In Malaysia, the traffic type (like most of the Asian countries)
is mixed traffic and includes motorcycles. Their presence often
leads to interrupted hazardous traffic flow and reportedly
resulted in more Road Traffic Injuries (RTI) [3]. According to
WHO (2013), RTI is the leading cause of death by injury,
placing it in ninth position as a burden of disease and in tenth
position as leading cause of all deaths. By 2030, it is expected
to be the most important issue as it is predicted to be the fifth
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errors and factors are associated with psychological
malfunctioning of the drivers [13][12][14][15], as motorcycling
requires excellent motor skills and physical coordination.
Driver’s impairment is considered as a key factor in road traffic
accidents worldwide [16]. However, root cause behind the
riders psychological ~malfunctioning has never been
investigated.

With an increasing trend in the use of motorcycles, it not only
contributes to road accidents but also to noise pollution [17].
Motorcycle is regarded as an economical vehicle, which saves
travelling time and fuel and provides ease for parking [18],
however, it is noisiest form of transportation. Motorcycle
performance has improved with advancement in technology for
quieter machines but the drivers are exposed to turbulent air
flow around the helmet, which creates excessive noise termed
as wind noise [19]. Daily exposures of noise level that
motorcycle riders may typically experience exceeds 90 dBA
[20].

Literature on the chronic effects of traffic, aircraft and rail
noise on humans and animals documents the detrimental
impacts of high noise exposure on health [21]. Therefore, the
effects of high noise exposure on drivers requires attention in
the scientific field. Daily exposure to excessive noise activates
a physiological stress response in body, which leads to poor
mind body function coordination. Noise generated from
acceleration in motorcycling is higher than any other type of
traffic vehicle [22]. Hence, motorcycle riders are expected to be
the most vulnerable amongst noise exposed population, while
the most vulnerable exposed group in motorcycle road
accidents are young riders aged between 15 — 29 [4].

Motorcycle is a complex machine and riding requires mental
alertness along with mind and body coordination [23]. Mental
alertness and physio-psycho coordination can be affected by
noise exposure. On the road, the long-term motorcycle riders
are exposed to high intensity noise (> 90 dBA) on a daily basis
[24];[25];[26]. They are exposed to traffic noise, in addition,
wind flow around their helmet generate noise above 90 dBA
[27]. Chronic noise exposures also tend to deteriorate,
especially, selective attention, working memory, declarative
memory and learning. Noise stimulates cortisol in the body at
each on set, which remains in the body and can hinder the riders
cognitive functioning [28] such as attentiveness, perceptual
abilities, spatial abilities, motor coordination, and memory
which can lead to fatal or injurious accident [29].

For the performance of a task, dexterity is required which is
a skill and ease in use of hands. It is defined as “the ability to
adequately solve any motor task, precisely, quickly, rationally
and deftly”, where change in the environment is an important
factor. Dexterity does not imply only to the tasks involving
hands, indeed at the behavioural level, loss of dexterity involves
the loss of ability to coordinate muscle activity as per
environmental demands. At the neurophysiological level, it
means impaired processing of multiple corticospinal channels,
which are responsible for rapid conduct of sensorimotor
information between the cerebral cortex and the spinal. The
Purdue Pegboard Test is one of the most utilized assessments
for hand function purpose as developed by Dr Joseph Tiffin, an
Industrial Psychologist at Purdue University (Tiffin., 1948). It
determines the quality and speed of hand performance to
accomplish a task. It also assesses proficiency of grasping

pattern and the precision grip.

However, the aspect of young motorcyclist’s noise-induced
impaired motor activity and its possible detrimental effects on
riders” immediate cognitive and physiological functioning has
not been studied. This study will deliver a vast audience
globally, primarily due to increasing trends in motorcycle
ownership and usage. Secondly, due to increasing number of
road accidents comprising of young motorcycle drivers, it
would capture the attention of the policy makers to address the
health-related consequences that are associated with
motorcycling at a young age. Noise induced impaired motor
activity assessment of motorcyclists may highlight the
importance of acknowledging noise related motor impairment,
which could be one of the contributing factors towards road
mortality and morbidity. The purpose of this study was to
understand the impact of high noise exposure on the ability to
coordinate muscle activity in the performance of a motor
task among young motorcyclists (19 — 24 yrs.). Motorcycle
rider’s psychological health profiling is scarce, while motor
activity assessment under motorcycle noise exposure has not
been investigated previously. Therefore, this study is aimed to
determine the effects of noise-induced motor functioning and
gender differences.

Il. MATERIALS AND METHODS

A. Participants

This experimental study was conducted on undergraduate
students at Universiti Teknologi MARA Selangor, Puncak
Alam campus, Malaysia. A Simple random technique was
adopted for sampling across eight faculties, representing from
all over Malaysia [30]. Participants aged between 19 — 24 years,
from semester 2 till 8. Participants had been occupying and
driving motorcycle as primary means of transportation as daily
commute for a minimum of one year. Participants inclusion
criteria for the study included (a) aged from 19 to 24 yrs. [31];
(b) non-smokers; (c) absenteeism of any chronic ailments and
CGPA (Cumulative Grade Point Average) above 2.5.

A set of structured questionnaires, which consisted of study
information sheet and respondent’s demographic survey were
distributed among 197 motorcyclists. Total participants
recruited in the experimental phase were 60 (30 male and 30
female), composed on exclusion and inclusion criterion.
Participation of the participants was permitted on transcribed
consent-form before the commencement of the experiment.
Experimental design, sampling and procedure were approved
by Faculty’s (Health Sciences) Internal Ethical Committee
(600-FSK (PT.5/2)), Universiti Teknologi Mara, Malaysia.

B. Demographic Information

Demographic information of the participants was acquired
using a closed-end questionnaire. It comprised of information
related to age, gender, motorcycling driving experience (as a
primary mode of transportation), faculty, the enrolled semester,
CGPA of proceeding semester, tobacco smoking habit, past
history of any neurological disorders and any chronic ailment
(asthma, diabetes mellites, arthritis, hypertension).
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C. Sound Level Meter (SLM)

SoundPro SE and DL sound level meter (SLM) of class/type
1 (serial no BEIO40002) from Quest Technologies
Oconomowoc, WI, USA, was utilized for measuring the
laboratory sound level during test administration. Type 1 sound
level was operated for measuring the ambient noise as induced
artificially (motorcycle noise). SLM was calibrated (114 dBA)
before and after each test session, while it was being operated
throughout the test administration of each subsequent testing
session.

D. Purdue Pegboard

Purdue Pegboard battery test is made up of Acrylic board
used to assess the fine motor control by using the standardized
testing procedure (Desrosiers et al., 1995). The length and
breadth of the board is 23 and 11.5 inches, respectively. There
are 2 centre rows, each having 25 holes and 4 reservoirs across
the top for pins (50, 85 gms), collars (25, 10 gms), & washers
(40, gms). It consists of four subtests. The first subtest is for
Dominant Hand activity (DH; unimanual), which requires the
participant to insert pins into the holes in the pegboard with
their preferred hand, one at a time within the period of 30
seconds. Scoring is based on each properly inserted pin, which
is equal to 1 point. The second subtest is related to Non-
Dominant Hand activity (NDH, unimanual), performed from
non-preferred hand, and follows the same procedure timing and
scoring as of DH. The third subtest requires Both Hand activity
(BH; bimanual) to perform the same task with both hands
simultaneously, within the period of 30 seconds and each pair
of pins inserted is equal to point 1. The fourth subtest is
Assembly activity (sequencing) which consists of assembling
pins, collars, & washers in a sequence. There were three trial
per subtest and participants completed one practice trial per
subtest. The order of battery subtests requires counterbalance
across the participants. The completion of Purdue pegboard
battery test in one testing requires approximately 25 min.
Higher the scores better the fine motor control. Purdue
pegboard has good test re-test reliability (0.69 - 0.91;
Desrosiers et al., 1995).

E. Laboratory setting

Figure 1 illustrates the detailed laboratory setting for
conducting the controlled experimental study for assessing the
noise-induced fine motor function. Laboratory setup consisted
of a front table, which was set up to enable face to face
interaction between examiner and participant. The person to be
tested was seated comfortably at normal height table (at
approximately 30"). It was placed on the opposite end of the
air-conditioner to minimize the direct influence of low
frequency noise on the participants auditory and non-auditory
system. Laboratory was pleasantly ventilated and was
adequately lightened. Speakers were placed on right and left
side of the participants on the front table. Speakers (Long lorn
model SP -MN 019/U, with output RMS 3Wx 2, signal-to-noise
(S/N) ratio 80 dBA) was attached with personal computer to
play the audio clip of motorcycle noise.

F. Experimentation Process

The experimental study design consisted of the performance
on Purdue Pegboard battery test under controlled laboratory

setting (Figure 2). Two groups of participants were constituted:
Control Group (Con-G; n = 30) and Experimental Group (Exp-
G; n = 30). Upon participant arrival, 10 minutes of relaxation
period provided to each participant and followed with the
performance of fine motor battery test. Con-G performed the
test in conjunction with normal laboratory noise levels (< 65
dBA). However, Exp-G performed along with background
motorcycle noise (85 — 90 dBA).

Operational definitions of the variables used in the
experiment consisted of two independent variables: noise
(motorcycle and normal background sound) and Perdue
Pegboard battery tests. For the Exp-G noise level was
artificially induced in the background, while the CoG had
controlled background (ambient) noise. Dependent variable
was the performance on the fine motor battery test. Controlled
variables were fine motor battery test administration, laboratory
setting, lightening, sound and examiner. Confounding factors
were controlled by using standardized instructional procedures
for both the groups.

Light
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Door
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Fig. 1. Laboratory setup for Purdue Pegboard Administration
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Fig. 2. Experimentation flow-chart of Purdue Pegboard Battery Test

G. Statistical Analysis

First category of data analysis involved data tabulation and
logging of Participants information and Purdue Pegboard
battery test scoring data on excel worksheet for database and
computation for statistical analysis through Statistical Package
for Social Sciences, IBM SPSS (Version 22 Inc., Chicago, IL).
Descriptive analysis of the variables such as: age, gender,
semester, and driving experience were determined using
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descriptive analyses. The internal consistency of Purdue
Pegboard battery test (4 items) for Exp-G and Con-G were
computed through Cronbach Alpha (a). The homogeneity of
variances and normality were tested through Shapiro-Wilk test,
p > 0.05.

Second category of analysis was conducted to evaluate the
difference in Purdue Pegboard battery test performance
between the Exp-G and Con-G groups, as well as gender
differences among the groups. The statistical technique adopted
was Independent sample t-test for all subtests of the battery test.
Data was deemed to be significant at p-value < 0.05 for
subsequent analysis. Bar charts are also plotted to display the
comparisons within groups as generated on Microsoft Excel
Spreadsheet.

I11. RESULTS AND DISCUSSION

A. Descriptive Profile of Participants

Participants (n = 60) demographic profile (Table 1) of the
laboratory experiment for exploring the effects of noise-
induced fine-motor function was equally participated by males
and females. Participants mean age ranged from 19 to 24 years
(M =22, SD =.9), enrolled in semester between 2 to 8 (M = 5;
SD = 1.5) while the driving experience ranged between 1 to 9
years (M = 6.2; SD = 2). Participants averaged CGPA of
previous semesters ranged between 2.5 t0 3.9 (M = 3.1; SD =
1).

The participation in control group was comprised of 56%
males (n = 17) and 43% females (n = 13). Participants aged
between 20 to 24 years (M = 22; SD =.9), enrolled in semester
between 2 to 7 (M = 4; SD = 1), while motorcycle driving
experience ranged between 1 to 9 years (M = 6.7; SD = 1.9).
The average CGPA of the participants was 3.2 (SD =.5), ranged
from 2.5 to 3.9. Experimental group participants constituted
more of female riders (n = 17) then males (n = 13), aged
between 19 to 24 years (M = 22; SD =1), enrolled from semester
2108 (M =4.5; SD = 1.5) with average CGPA of 3.3 (SD = .4),
ranged between 2.5 to 3.5. Participants motorcycle driving
experience ranged between 3 to 9 years (M =6.7; SD = 1.9).

TABLE |
Demographic profile of participants
, Total Control Group Experimental group
Variables N=60 =30 =30
Gender (MFF) 30730 17113 1317
M+SD  range M+ SD range M +SD range
Age, (yrs.) 29 19-24 29 N-M4 2+1 19-24
Semester 5+15 2-8 411 2-7 45415 2-8
Driving age 6.2+2 1-9 56+19 1-9 67+19 3-9
CGPA 372 25-32 42252 25-32 334 25-39

B. Descriptive Analysis of the Participants Purdue Pegboard
Battery Test

The internal consistency for Purdue Pegboard Battery test (4
items) was calculated using Cronbach’s alpha for both the
groups i.e. Exp-G (n = 30) and Con-G (n = 30). The estimated
value of the coefficient of reliability for the Con-G was found
statistically higher reliability with a =.724, while Exp-G was
found with medium value i.e. a = .512. The descriptive and
statistical analysis of the Purdue Pegboard battery test
assessment across all subtests for both the groups (Exp-G and

Con-G) is presented in Table 2, and also providing the known-
group validity of Purdue Pegboard on Malaysian Adults (19 —
24 yrs.). Figure 3 shows the difference between Purdue
Pegboard subtests average scores of Con-G and Exp-G,
expressed as percentage. Higher percentage scores of Con-G as
compared to Exp-G, displays its better overall performance,
The first subtest of Purdue Pegboard i.e. Dominant Hand
battery test performance was found significantly higher in Con-
G (M=15.1, SD = 1.4) as compared to Exp-G (M = 13.6, SD =
1.4),t(4.2) =58, p=0.000. Figure 2A shows the difference in
Dominant Hand performance between Exp-G (ranging: 11 —
15) and Con-G (ranging: 12.6 — 18), which indicates the impact
of noise on Exp-G participants’ lower performance as
compared to better performance of the Con-G participants.
Non-Dominant Hand performance on the second subtest of
Purdue Pegboard battery test was also found significantly
higher in Con-G (M = 13.8, SD = 1.5) as compared to Exp-G
(M =13, SD = 1.5), t (2.4) = 58, p = 0.022. Figure 2 indicates
the impact of noise on Exp-G participants (ranging: 11 — 14)
lower performance as compared to better performance of the
Con-G participants (ranging: 11.3 — 17) on the NON-Dominant
hand performance on the battery test.

The third subtest of Purdue Pegboard i.e. Both Hands

performance of the Con-G participants (M = 12.5, SD = 1.3)
was also found significantly higher as compared to Exp-G
participants (M =11.6, SD =1.3),t(2.5) =58, p=0.017. Figure
2 shows the difference in Both Hands performance on the
battery test between Exp-G and Con-G, which signifies the
influence of noise on Exp-G participants lower performance
(ranging: 9.3 — 14) as compared to better performance of the
Con-G participants (10 — 14.6).
The forth subtest of Purdue Pegboard i.e. Assembly of the
battery test performance was also found significantly higher in
Con-G (M = 33.4, SD = 3.1) as compared to Exp-G (M = 30.4,
SD =4.1),1(3.1) =58, p = 0.003. Figure 2 shows the difference
in the Assembling of the battery test performance between Exp-
G (22.3 - 36.6) and Con-G (ranging: 29 — 40), which suggests
the negatively influencing impact of noise on Exp-G
participants performance as compared to better functioning of
the Con-G participants.

Affected hand performance (Purdue Pegboard) across all
subtests by the Exp-G participants imply a reduction in
performance due to exposure to the high intensity (< 90 dBA)
motorcycle noise. Overall, both the groups (Exp-G and Con-G)
obtained the average scores very close to the maximum possible
in each subtests (average score) and showed a significant
difference (p < 0.05) in the performance of Exp-G participants,
which can be attributed to the effect of noise exposure (< 90
dBA). Hence, it can be concluded that Purdue Pegboard is a
simple neurophysiological battery test but the difference in
performance quantifies the effect of noise exposure (<90 dBA).
Other experimental studies, which evaluated the effect of noise
(office noise and low frequency noise) on mental performance
on different populations, showed significantly impaired
performance [32];[33];[34]. Precise comparison with other
research is difficult because other study’s source and level of
noise was vastly different, as well as the nature of
neurophysiological battery test used to assess the motor
performance.

Disruption in visual attention has an adverse effect on daily
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activity functioning, mainly that require integration of visual
details associated with the dynamic environment such as riding
a motorcycle [35]. According to Parsons visual performance is
affected by high-intensity noise. It can be concluded that with
motorcycle noise exposure, motorcyclists visuomotor activity
(motor function) can be affected [36] and therefore, can pose a
safety risk associated with motorcycling. It has also been
reported that prolonged noise exposure degenerates
neurophysiological and cognitive function and may possibly
increases the risk of accidents [12]. Another review study [37]
stated that noise is associated with several indicators of
neurocognitive function, mood disorders and
neurodegenerative diseases in long-term noise-exposed
population.

Time pressure can also affect the judgment of workload by
a decline in performance [38]. During this experimental study,
time administration of the Purdue Pegboard test was kept
constant, which might have put the participants under time
pressure. A review study by Liebl & Jahncke [33], investigated
the effects of noise on cognitive performance and reported that
individuals with lower working capacity (cognitive function)
are more vulnerable to noise effects. For this reason, all
participants CGPA ranged above medium.

TABLE 2
Descriptive and statistical analysis of the Purdue Pegboard
assessment
Purdue Subtests Groups Mean+SD Range  Minimum  Maximum  P-Value
Dominant Hand Experimental 136+14 4 11 15 .000
Control 151+14 5.4 12.6 18
Non-Dominant Experimental 13£13 36 11 14 .022
Hand Control 13.8+15 5.7 11.3 17
Both Hands Experimental 116+13 47 9.3 14 .017
Control 125+13 46 10 146
Assembly Experimental 304+41 143 22.3 36.6 .003
Control 334+£31 116 29 40
*p <.05
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ig. 3. Purdue Pegboard subtests comparison among Experimental (Exp-G)
and Control (Con-G) group
Note: * p-value generated from Independent Sample t-test

C. Gender Analysis of Purdue Pegboard Battery Test

Error! Reference source not found. presents the gender
differences among Exp-G and Con-G participants. Gender
differences among Exp-G participants were not found

significant (p > 0.05) for any Purdue Pegboard subtests.
However, based on mean scores, male participants (n = 13) had
higher scores on most of the subtests (DH, NDH, Assembly) as
compared to female participants (n = 17). These results suggest
that male motorcyclists can perform neurophysiological
activity under high noise exposure as compared to female. Ratio
of male drivers road accidents higher as compared to female,
which suggests that male motorcyclists are more prone to risk
taking behaviour [39]. A field study by Ali et al., suggests that
female participants showed higher cortisol (stress) level after
on-field motorcycle ride (45 minutes) then male participants,
and higher cortisol concentration reduces cognitive and
neuropsychological activity [28][14];[41]. Study by Oliver et
al., reported impairment in cognitive tasks (verbal memory,
attention and spatial working memory) after acute psychosocial
stress exposure. Spatial memory was reported to returned to
baseline within 30 minutes, while verbal memory and attention
impairment persists for up to 30 minutes, following stressor
exposure [42]. Stress related cognitive impairments may persist
for at least 30 minutes. Another study investigated the impact
of elevated glucocorticoid levels on human perceptual learning,
and results showed perceptual learning impairments from
glucocorticoid [43]. Therefore, high noise exposure generates
cortisol which could hinder neuropsychological-motor
activities.

Gender differences among Con-G participants were also not
significant (p > 0.05) for any Purdue Pegboard subtests.
Overall, the results did not show any significant (p > 0.05)
gender differences, however, based on mean scores, Con-G’s
female participants (n = 13) had higher scores on all of the
subtests as compared to male participants (n = 17). These results
provide the group norm of Malaysian adults (19 — 24 yrs.)
which has not been investigated previously. However, emphasis
should be placed by the policymakers to conduct cognitive and
neurophysiological functioning assessment of motorcyclists
before approval of driver’s license and should be re-
administrated over scheduled time. While in case of minor or
major road accidents, motorcyclist’s cognitive and
neurophysiological assessment should be enforced as a law.

The strength of the study was the diversified participants
demography and larger sample size (n = 60). For future studies,
individual parameters such as personality type, subjective noise
measurement, socioeconomic levels, and annoyance should be
included to draw a more comprehensive effects of noise on
cognitive function.

TABLE 3
Gender differences among Experimental and Control
Group participants
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Purdue Pegboard Groups Mean + SD Mean + SD P-value
Subtests

Experimental Male (n =13) Female (n =17)
Dominant Hand 137+11 134+16 .599
Non-Dominant Hand 13.2+12 128+13 415
Both Hands 115+ .9 11.7+14 -173
Assembly 30.6+43 303+41 .325

Control Male (n =17) Female (n = 13)

Dominant Hand 149+12 153+15 .354
Non-Dominant Hand 135+1.3 143+17 .185
Both Hands 1211+14 129+11 .082
Assembly 326+25 3436 131

IV. CONCLUSION

It can be concluded that motorcycle noise does act as a source
of stressor which could affect neurophysiology performance.
Results showed distinctive difference between the motor
activity performance between the motorcyclists’ participants
who operated under control laboratory exposure (65 dBA) and
artificially induced motorcycle noise exposure (> 90 dBA). This
study validates the negative influence of noise on
neurophysiological (dexterity — motor activity) function. It also
addresses the need of investigation on more mental health of
high motorcycle noise exposure by using standardized
protocols and provide solutions to that.
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