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Abstract

Many developing countries have high traffic accident rates due to the mixed traffic environment in which bicycles and motor vehicles
travel in the same lanes. This paper examines the perceived risk among road users in mixed traffic. A questionnaire survey was used
to obtain demographic information and self-reported risk perception among cyclists, motorcyclists, and drivers. Statistical analyses,
including the T-test and ANOVA, were used to examine the relevant differences in risk assessment among the groups. The results
demonstrate that the groups differ significantly in sociodemographic characteristics, driving experience, and travel characteristics.
For self-reported perceived risk, the respondents’ perceptions of road surface conditions, the potential of daydreaming while
operating a vehicle, and distraction from passengers or riding companions exhibited significant differences between the groups. The
research findings could be beneficial as a guide for policymakers in planning road safety awareness to reduce risk in mixed traffic
environments.
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Introduction

In developing countries, the complexities of mixed traffic environments create significant challenges to road safety.
Mixed traffic environments exist not only in cities but also in suburban and rural areas. A previous study stated that
mixed traffic causes high risk of road accidents [1]. The higher the traffic volume, the higher the number of accidents,
especially on weekends. In mixed-traffic situations, vehicles with less protection and a smaller size (such as bicycles and
motorcycles) are at a higher risk of injury or fatality in a collision with larger vehicles [2].

In contrast to more developed countries, where dedicated lanes, cyclist-friendly spaces, and pedestrian-friendly spaces
are provided, road users in developing nations share space, thus raising the risk of being involved in a road accident
[3,4]. Sharing space designated for cars and heavy vehicles limits the safety of vulnerable road users such as cyclists,
pedestrians, and motorcyclists.

Thus, many studies have suggested to provide dedicated lanes to overcome the risk of accidents in mixed traffic in
developing countries [5,6]. However, providing segregated lanes requires high-cost construction projects. For example,
Malaysia was the first country to have fully segregated lanes for motorcycles. Although such segregated lanes have been
reported to reduce accidents involving motorcycles and other motor vehicles, the cost of building one segregated
motorcycle lane is RM 2 million for 1 kilometer, which equals USD 427,213.60/km (at the time of writing) [7]. Hull and
O’Holleran [8] reported that providing the construction of a cycling network in Cambridge, England, reached 15 million
US dollars. This huge financial requirement makes it difficult for developing countries to build segregated infrastructure
on roads, where money allocation to develop infrastructure for health, housing, and education has higher priority [9].

Moreover, the unpredictability of road users’ attitudes and behaviors, such as fatigue or recklessness, increases the
likelihood of road accidents in mixed traffic [10,11]. Useche et al. [12] have suggested that it is essential to explore the
viewpoints of different road users regarding safety behaviors to enhance road safety policies, especially in mixed traffic.
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Previous studies used the self-perceived risk survey method among road users to understand their perceptions of
themselves and other road users [13-16].

The self-perceived risk survey approach is essential for comprehending road users’ viewpoints and behaviors [17]. This
strategy examines individuals’ experiences and perceptions to provide insight into their decision-making processes as
they negotiate complex mixed traffic. An in-depth comprehension of how road users perceive risks allows policymakers
to customize actions that align with the community’s needs and concerns [18, 19].

There remains a notable gap in the literature regarding the perceptions and attitudes of road users towards each other
in developing countries. This research sought to fill this gap by examining the perceived risk among cyclists,
motorcyclists, and drivers in mixed traffic settings. Using Malaysia as a case study provides empirical insight into a
pressing concern that directly impacts public safety and well-being.

Car usage is dominant in Malaysia. However, motorcycles play a significant role as a transportation mode, especially for
commuting to work, which have more chance of being involved in fatal accidents [20]. Motorcycles are popular because
they have greater fuel efficiency and are smaller, making them easier to park and maneuver in congested areas [21].
The coexistence of motorcycles and cars on roadways creates conflicts and poses significant risks to accidents. These
conflicts are exacerbated by the increasing popularity of recreational cycling on Malaysian roads [22]. Recreational
cyclists tend to cycle in suburban or rural areas but have to share space with motorcycles and cars.

This paper consists of five sections. After the introduction, the second section explains the literature review related to
perceived risk. The third section discusses the methodology framework, including the respondent profiles, the survey
design, and analyses. The fourth section presents the main results. This paper ends with discussion, study limitations,
and conclusion sections.

Literature Review

Risk Perception of Road Users

Risk perception is influenced by sociodemographic factors and experiences [23, 24]. How a person perceives risk may
also vary depending on social status and personal conditions. Pajkovi¢ and Grdini¢-Rakonjac [25] reported that gender
and driving experiences affect drivers’ risk perception. Their study found that younger participants perceived driving
above the speed limit as the most perilous behavior. Meanwhile, older participants emphasized enhancing road
infrastructure safety to reduce the risk of road accidents. In addition, older drivers also exhibited a heightened
awareness of the risky behaviors of younger drivers, including alcohol-impaired driving as the most significant risk factor.

The perceived traffic risk may differ substantially based on road users’ points of view and their modes of transport.
Based on the literature review, studies comparing self-reported and proxied data on road safety-related behaviors [12]
suggest that individuals tend to have a more favorable perception of their own road behavior than that of others.
Furthermore, road users’ perspectives may differ depending on the roles they adopt; for instance, they may perceive
the actions of third parties as more hazardous, whereas the evaluations of their own actions are generally more
favorable. Consequently, personal road-risk assumptions and misbehaviors are undervalued, while crash-related risks
are overestimated [26]. However, previous studies emphasize that by understanding self-risk perception, one can
understand the diversities of the perception and risks [27]. Even though it may come with some biased perceptions
towards other road users, self-perceived risk still significantly affects driving behavior on the road.

For example, Ram and Chand [13] examined the impact of drivers’ perceptions of risk and their driving tasks while
driving. The study showed that increasing drivers’ awareness will also increase their perception of driving tasks, which
leads to the prevention of accidents. The study predominantly evaluated the behavioral causes of road crashes.
Stiulpnagel and Rintelen [14] studied subjectively perceived safety in shared road conditions and discovered disparities
in the risk assessments among drivers, bicyclists, and pedestrians. The level of subjective safety is mainly influenced by
the interaction between bicyclists and other vehicles using the road. Drivers would likely perceive cycling lanes as secure
for cyclists, but cyclists would likely perceive cycling lanes as risky, especially narrow lanes alongside parked vehicles.
The inverse was also found concerning sidewalks, where bicyclists felt more comfortable sharing them with pedestrians
while pedestrians did not.
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Another research study comparing the perspectives of various road users was done by Chaurand and Delhomme [15].
They examined regular cyclists’ and drivers’ perceived accident risk in mixed traffic scenarios. Additionally, drivers tend
to perceive that being involved in a road accident will have high consequences for their material and physical well-being.
Meanwhile, cyclists underestimated the impact of road accidents because they assumed that other road users are not
able to speed in mixed traffic.

Differences in perceived risk among road users, encompassing pedestrians, cyclists, motorcyclists, drivers, and public
transport users, were studied across different countries [16]. They evaluated road users’ perceptions in Turkey, Russia,
Kosovo, Estonia, and Greece, focusing on trip characteristics, road infrastructure, and everyday travel experiences.
Drivers and motorcyclists in Turkey and Kosovo perceived their driving environments as less safe. Conversely,
pedestrians and cyclists in Russia and Estonia viewed their environment as more conducive to pedestrian and cyclist
safety, while public transport users in Russia perceived the system as commuter-friendly. The scholars concluded that
structural differences between the location and population of a country determine the level of road safety. For this
reason, separate regulations should be implemented for each road user group within a single country.

Method

This research was undertaken using an internet-based survey questionnaire focusing on the population in the small
town of Nibong Tebal, Pulau Pinang. The questionnaire was distributed via online platforms, including WhatsApp and
Facebook. We targeted specific communities’ social networking platforms and used a face-to-face approach to reach
more participants. This study’s total number of respondents was 600, with 200 participants for each group of road users.
Based on Czaja and Blair [28], the sample size for this study was adequate.

Questionnaire Design

The initial part of the survey asked about the participants’ sociodemographic characteristics, consisting of gender,
ethnicity, age, marital status, monthly income, highest education level, and employment status. The initial part was the
same for all questionnaire sets.

The next section of the questionnaire focused on the participants’ self-reported perceived risk. The items used to
develop the questionnaire were obtained from the literature [15]. However, several new items were added and sorted
into new sets of questions, creating three different versions of the questionnaire: the first was adapted for drivers, the
second for motorcyclists, and the third for cyclists. They were asked to answer the questions using a Likert scale of 1-5
(1 = ‘totally disagree’, 5 = ‘totally agree’) to examine their risk perceptions and behaviors in mixed traffic. The
participants were asked to complete the form according to their primary transportation mode and were not allowed to
fill in more than one set.

In addition to testing the reliability of the self-reported questions, Cronbach’s alpha was used to test the internal
consistency and reliability of the items within each version of the questionnaire. According to Bujang et al. [29],
Cronbach’s alpha is essential to ensure that all items measure the same construct. Cronbach’s alpha was 0.77 for the
drivers, 0.83 for the motorcyclists, and 0.80 for the cyclists. Based on factor analysis, the questions regarding perceived
risk and behaviors were identified and divided into three groups: perceived control (10 items, adriver = 0.77,
amotorcyclist = 0.70, acyclist = 0.69), perceived incompetence (6 items, adriver = 0.73, amotorcyclist = 0.80, acyclist =
0.81), and perceived risk (6 items, adriver = 0.81, amotorcyclist = 0.83, acyclist = 0.63) (see Appendix A).

Participants

Table 1 shows the sociodemographic profiles of the respondents in this study. A total of 600 respondents completed
the final survey, consisting of 200 participants in each group (drivers, motorcyclists, and cyclists). The results show that
more than half of the total respondents were men. There were 61% male and 39% female driver respondents, 68% male
and 32% female motorcyclist respondents, and 88% male and 12% female cyclist respondents.

In terms of ethnicity, Chinese respondents made up more than half of the total number of cyclists (54%), while Malay
respondents made up more than half of the total number of motorcyclists (71%) and drivers (76%). The distribution
represents the population in Penang, where the proportion of Chinese and Malays is almost the same. The recruited
drivers in the study spanned an age range of 18 to 67 years, exhibiting an average age of 32 years (SD = 10.077). The
motorcyclists spanned an age range of 18 to 55, with an average age of 28 years (SD = 7.123). As for the cyclists who
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participated, their ages varied from 19 to 62, with an average age of 35 (SD = 8.762). For marriage status, the results
show that the majority of the drivers (59%) and motorcyclists (71%) were single, while the majority of cyclist
respondents were married (67%).

In general, the majority of respondents in this study had low incomes, with 76% of drivers, 84% of motorcyclists, and
44% of cyclists earning less than RM 4,850 (USD 1,070) per month. Only 5% of drivers and 7% of motorcyclists had a
high income, that is, more than RM 10,971 (USD 2,400), while cyclists had the highest percentage of high income, at
18%. The results indicate that low-income road users can only afford a motorcycle as their primary mode of
transportation, whereas high-income road users are more likely to engage in recreational cycling.

The highest level of education was a bachelor’s degree, held by 54% of drivers, 52% of motorcyclists, and 48% of cyclists.
The percentage of respondents with a PhD was 1% of motorcyclists and 2% of cyclists. Regarding the variable
employment status, most respondents were full-time employees, i.e., 54% of drivers, 47% of motorcyclists, and 75% of
cyclists.

Table1 Sociodemographic profiles of 200 drivers, 200 motorcyclists, and 200 cyclists.

Drivers = 200 Motorcyclists = 200 Cyclists = 200
Variable %) s::s:g{d %) Mean/ .Sta.mdard (%) Mean/ .Stalmdard
. deviation deviation
deviation
1=Male 61 68 88
Gender 2 = Female 39 1.26/ 0.440 32 1.12/0.452 12 1.02/0.427
1 =Malay 76 71 39
2 = Chinese 21 21 54
Race 3 = India ) 1.82/0.530 6 1.39/0.695 4 1.92/0.652
4 = Other 1 2 4
Age 31.59/ 10.077 27.80/7.123 35.22/ 8.762
Marriage 1 =Single 59 71 29
Status 2 = Married 49 1.23/0.567 28 1.27/0.431 67 1.79/ 0.450
3 = Other 1 1 1
1 =Below RM 4850
Monthly 2=RM 4851 - 76 84 a4
. 19 1.29/0.556 9 1.23/0.566 38 1.64/0.634
income RM 10970 5 7 18
3 = Above RM 10971
1=SPM/SKM 31 15 19
Highest 2 = STPM/Diploma 15 18 17
Education Level 3 = Bachelor’s degree 54 2.85/1.925 52 2.56/0.912 48 2.91/1.012
4 = Master’s degree 2 4 14
5=PhD - 1 2
1 = Full time 54 47 75
2 = Part-time 2 5 3
Employment 3 = Student 34 45 12
Status 4 = Unemployed e 2.13/1.641 3 2.02/1.014 A 1.95/ 1.666
5 = Self-employed 1 - 3
6 = Retired 1 - 2

Statistical Analysis

This study used descriptive statistics to understand the sociodemographic characteristics of cyclists, motorcyclists, and
drivers. A one-way Analysis of Variance (ANOVA) test was conducted to determine significant differences in perceived
risks among the three groups of respondents: drivers, motorcyclists, and cyclists. This test allows to discover the
relationship between more than two groups by simultaneous comparison. The F statistic, or F-ratio, is generated by the
ANOVA formula and enables several data sets to analyze the variability within and between samples. The F-ratio result
for ANOVA will be close to 1 when no significant differences exist in the studied groups, which is the null hypothesis.
The F distribution represents the probability distribution of all F statistic values [30].

This research also analyzed significant differences by using an independent t-test to determine the significant difference
between:

1. Driver’s and motorcyclists’ perceptions toward cyclists
2. Motorcyclist’s and cyclists’ perceptions toward drivers
3. Driver’s and cyclists’ perceptions toward motorcyclists
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Next, the t-test evaluates whether the means within each group with similar characteristics differ statistically. Three
essential pieces of information must be available to perform a t-test: the mean value differences across data sets, the
standard deviation, and the total count of data values in each group. The value derived from the T-Distribution Table, a
crucial value table, is compared to the t-value obtained from the t-test. Using this comparison, the influence of pure
chance on the difference can be assessed and determine whether it exceeds the range. The t-test evaluates if there is
significant or random variation with no significance [31].

Results and Discussion

Self-Reported Perceived Risk

Self-perception among the groups was measured based on one-way ANOVA, as shown in Table 2. The results show a
significant difference across groups regulating their riding, cycling, or driving against the conditions of the road surface
(F(2,597) = 3.385, p = 0.035). Based on the Tukey post hoc test, the drivers (mean = 4.51, standard deviation = 2.052, p
=0.048) significantly more agreed that they had no trouble adjusting their driving to the road surface than motorcyclists
(mean = 3.85, standard deviation = 1.866). There was no substantial difference between drivers/cyclists (p = 0.088) and
motorcyclists/cyclists (p = 0.966), where the cyclists had mean = 3.92 and standard deviation = 1.988. These results
indicate that motorcyclists and cyclists may face some difficulties with the road surface, especially potholes or debris,
that could affect their riding and cycling.

Additionally, a statistically significant difference was identified among those groups reporting daydreaming when
driving, riding, or cycling (F(2,597) = 9.697, p = 0.000). Following the Tukey post hoc analysis, motorcyclists (mean =
3.53, standard deviation = 1.930, p = 0.000) and drivers (mean = 3.52, standard deviation = 1.909, p = 0.001) significantly
more agreed they may become lost in thoughts when driving or riding than cyclists (mean = 1.39, standard deviation =
0.695). In addition, there was no statistically significant difference between drivers and motorcyclists (p = 0.999). The
findings show that cyclists focus more on the road due to their small physical appearance and high perception of easily
getting involved in road accidents.

Next, the ANOVA test demonstrated a difference of statistical significance in the presence of other individuals in a car,
on a motorcycle, or behind a bicycle across groups (F(2,597) = 3.817, p = 0.023). The Tukey post hoc analysis revealed
that motorcyclists (mean = 3.41, standard deviation = 1.995, p = 0.023) significantly more agreed that the presence of
another person on a motorcycle distracts them and deteriorates their riding than cyclists (mean = 2.71, standard
deviation = 1.754). Between drivers and motorcyclists, as well as drivers and cyclists, there was no notable difference
(p=0.113 and p =0.796, respectively), where the drivers had a mean = 2.88 and standard deviation = 1.849. The findings
revealed that all groups were likely to report that they were most likely able to handle their vehicles in any condition
except for the abovementioned conditions.

Table 2 Post hoc (Tukey-HSD) analysis per group.

Drivers Motorcyclists  Cyclists

Sig.
(D) (M) ()
Self-reported perceived risk Mean Mean Mean P P P
(SD) (SD) (SD) (D-M) (D-C) (M-C)
Perceived control
| have no trouble adjusting my 4.51 3.58 3.92
0.048 0.088 0.966
driving/riding/cycling to the conditions of the (2.052) (1.866) (1.988)
road surface.
| may besome lost n thoughts when 352 353 1B o0 G0 00w
¥ become Jost 18 (1.909) (1.930) (0.695) : :
driving/riding/cycling.
| become distracted and deteriorate while
drivi idi li h th i 2.88 341 2.71
riving/ri : |ng/cyF ing when another person is 0.113 0.796 0.023
around with me in a car/on a motorcycle/on a (1.849) (1.995) (1.754)

bicycle behind me.

The significant differences between how drivers and motorcyclists perceive risks posed to cyclists, how motorcyclists and cyclists perceive risks posed
to drivers, and how drivers and cyclists perceive risks posed to motorcyclists were determined using an independent T-test. With a 95% confidence
level, the significance threshold set for this test was p < 0.05.
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Table 3 compares the independent sample t-test scores of the three different groups. The results indicate no significant
differences in risk perception for perceived risks among drivers and motorcyclists towards cyclists. However, based on
the mean value, drivers are more likely to take high precautions when approaching cyclists.

Table 3 Comparison of the independent t-test scores of the three groups.

Variables Mean S.D t P
Independent t-test scores for drivers vs motorcyclists
. . . Drivers 3.40 2.010
I sometimes fail to see bicycles on the road. . 0.765 0.536
Motorcyclists 3.12 1.951
I willd d wh I noti Dri 5.27 1.858
wi ecreasje my speed whenever | notice rlvers. 0.827 1.903
bicycles on the road. Motorcyclists 4.77 1.858
| tend to be cautious when overtaking bicycles Drivers >-62 1.830 0.447 1.652
B PIVEIES: Motoreyclists 5.18 1.935 : '
Independent t-test scores for drivers vs cyclists
Drivers 3.42 2.006
| sometimes fail to see motorcycles on the road. 0.708 1.327
! ! ¥ Cyclists 3.04 2.045
| will decrease my speed whenever | notice Drlvgrs 5.16 1.846 0.042 1.407
motorcycles on the road. Cyclists 4.77 2.069
| tend to be cautious when overtaking .
: . Drivers 5.63
motorcycles / Motorcyclists tend to be cautious 1.813 0.318 9.829

when overtaking me. Cyclists 3.05

Independent t-test scores for motorcycles vs cyclists

Motorcyclists 3.00 1.864
| sometimes fail to see cars on the road. 0.979 0.983
Cyclists 2.74 1.878
i i M li 4.77 1.
| will decrease my speed whenever | notice a otorc'yc ists 890 0.145 0.036
car on the road. Cyclists 4.76 2.021
i i i M li 4.1 1.931
Drivers tend to be cautious when overtaking otorc.VC ists 3 93 0.744 3.068
me. Cyclists 3.29 1.940

Meanwhile, the independent sample of the t-test results for risk perception towards motorcyclists showed a significant
disparity between drivers’ and cyclists’ speeds. Between motorcyclists and cyclists, drivers tended to be more likely to
slow down when noticing motorcyclists on the road. Even though there were no significant differences in noticing
motorcycles and the level of precautions taken by both groups, the drivers showed slightly higher mean values for both
variables. This finding indicates that in mixed traffic, drivers have a higher tendency to reduce their speed. This indirectly
proves that drivers are concerned with two-wheeled road users’ security.

Regarding perceived risks that motorcyclists and cyclists have towards drivers, the independent sample of the t-test
showed no significant differences in their intention to speed while noticing cars. Their speeding attitude and perception
towards drivers also showed no significant differences. However, based on the mean value, the cyclists were less likely
to notice cars and perceived the drivers as taking fewer precautions while overtaking them.

Discussion

This study applied a quantitative approach to investigate self-perceived risk among Malaysian road users to understand
the emotions and needs of different groups. Mixed traffic in Malaysia is complex since it involves diverse vehicles with
varying speeds that travel on the same roads. During COVID-19, there was a surge in interest in recreational cycling.
Many people in Malaysia were looking for alternative forms of recreation that do not require group participation, similar
to other parts of the world [32, 33]. When the situation returned to normal, interest in leisure cycling persisted, causing
many people to ride bicycles on the same roadways as motorcycles and cars, adding to traffic complexity and risk.

This study found that Malay males who were single, young, and low-income dominated motorcycle usage, which is
similar to previous studies [34, 35]. Reports indicate that this group is prone to crashes and exhibits a low perception of
risk. Regarding car ownership in Malaysia, the study demonstrated that many low-income respondents could also own
a car. This is because of a national car policy that encourages affordable pricing for cars produced by Malaysia’s own
automotive industries [36]. Previous studies indicate that more men would like to be involved in cycling, especially
recreational cycling, compared to women [37, 38], similar to this study’s findings.

Different items of perceived accident risk significantly differed for the groups in this study, namely perception towards
road surfaces, daydreaming, and the presence of other people while handling their vehicles. Regarding perceived
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accident risk towards road surfaces, the drivers reported the ability to adapt to road surface conditions the most, since
the vehicle structure and car tire technologies for drivers are more comfortable than for the other groups in this study.
Meanwhile, the smaller tires of bicycles and motorcycles have a high potential to cause an accident, especially when
the road surface is uneven, wet, and has debris and potholes that will increase the possibility of slipping and falling.
Previous studies state that road surface is a contributor to motorcycle accidents [39,40]. Meanwhile, recreational
cyclists are more likely to fall when cycling on a wet road surface, causing them to adjust their behavior and perceive
higher risk in maneuvering their bicycle [41, 42].

This study highlights that being comfortable while driving leads to the possibility of daydreaming. This is supported by
a previous study, which states that daydreaming or lost-in-thought drivers contribute to several road accident factors
[43]. This is due to the degree of comfort of modern cars [44]. In addition, nowadays, many advanced technologies alert
car drivers from distractions to reduce the risk of accidents [44, 45]. For motorcyclists, fatigue can cause daydreaming
and become the cause of accidents [46, 47]. Recreational cyclists, such as drivers and motorcyclists, reported the lowest
possibility of daydreaming because their activity is leisurely, in contrast to daily commuting. It is interesting to note that
there is a significant difference regarding the presence of other individuals when handling a vehicle.

This study found that motorcyclists are more easily distracted by the presence of other people. This may be because
the handling load while balancing and maneuvering is higher. Previous studies have reported that the presence of a
pillion passenger can cause riders to be more cautious [48, 49]. In addition, the drivers and motorcyclists claimed that
they are more cautious with the presence of cyclists on the road. Many self-reported studies have shown that drivers
and motorcyclists claim they consider cyclists’ safety [50, 51]. However, the finding shows that cyclists would likely claim
that both groups are less considerate of their safety, especially while overtaking. Furthermore, as cyclists mostly share
the same path as motorcyclists, they tend to reduce speed when a motorcyclist approaches.

Drivers perceive themselves as highly adaptable to road surface conditions, drive cautiously, maintain control of their
car regardless of traffic volume, anticipate the actions of other road users, and have good reflexes. Drivers are more
confident that they will be less involved in accidents than motorcyclists and cyclists and show less disruption when they
are preoccupied and in a hurry. Previous studies have claimed that high performance and excellent safety features in
automobiles lead to higher driving speeds [52]. However, this study found that night driving is difficult according to the
drivers’ respondents.

Meanwhile, motorcyclists perceived they could travel between other vehicles, ride efficiently, and ride well even when
tired. When passing bicyclists, motorcyclists give more space than car drivers [53]. However, motorcyclists have
difficulty adapting their riding to road surface conditions. They are perceived to ride carelessly and have less control
under high traffic volumes and poor weather. They are less able to predict the actions of other road users, have less
control over their riding regardless of speed, and can become lost in thoughts while riding. When they are in a hurry,
the presence of a passenger on their motorcycle distracts them, impairs their riding, and causes them to become
careless.

In addition, cyclists are able to control their bicycle regardless of speed, are not distracted by their thoughts when
cycling, and have less difficulty cycling at night. The presence of someone behind them causes fewer distraction and a
smaller decrease in their cycling performance. However, the cyclist respondents were less confident in traveling among
other vehicles. Cylists’ performance is less efficient when they are tired. They have slower reflexes, and their riding is
impacted when they are preoccupied.

Notable differences in the affective experiences of participants also emerged; making ties with motorcycle users, our
results underlined the rise in sentimentality associated with the usage of two-wheelers, most notably bicycles [54]. This
has significant ramifications for policy and practice. Two-wheeled vehicle users need to establish a more sustainable
transportation system. In order to encourage such a modal shift, it is crucial to create safety improvements and develop
individual perception of safety. To achieve the expected benefits with higher motorbike and bicycle utilization [e.g.
55,56], we should make it more secure and pleasurable for those who already rely on those modes while also making it
interesting for those who do not.

The study’s findings highlight the critical need for targeted preventive measures to improve road safety in Malaysia’s
mixed traffic environments, where the complexities of multiple vehicles sharing the same road pose significant risks.
According to the study, drivers are more adaptable to road surfaces due to modern car comfort and technology. In
contrast, cyclists and motorcyclists face increased risks, especially on uneven, wet, and debris-laden roads. To begin,
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addressing the issue of road surface conditions is identified as a critical area for intervention. Regular road surface
maintenance, prompt pothole repair, and installing warning signs could reduce these risks and improve overall safety
for all road users [57, 58].

In addition, this study emphasizes the importance of avoiding distractions, such as daydreaming, particularly among
motorcyclists, which have been reported to a cause of road accidents. Interventions could include educational
campaigns to raise awareness about distracted driving and support using technologies that alert riders to their
concentration and fatigue [51, 59]. Furthermore, improving motorcycle handling skills and road conditions, for example,
through training programs and safety campaigns, may help reduce motorcyclists’ risks [60, 61]. Additionally,
communication campaigns or road safety training programs for road users can be preventive measures to increase
users’ risk perception and improve their road behavior [62, 63]. Finally, a comprehensive approach that combines
infrastructure improvements, educational efforts, and awareness campaigns is critical to promoting a safer and more
harmonious coexistence of road users in Malaysia’s mixed traffic settings.

Study Limitations

There was a specific limitation to the study. The data gathered in this research was obtained from Penang State due to
the high number of recreational cyclists. Therefore, our suggestion for future research is to include a nationwide self-
reported survey. In addition, utility cyclists could be included in measuring their perceived risk in mixed traffic, even
though the percentage of this group in Malaysia is very small. Furthermore, future studies should explore the potential
effects of targeted infrastructure enhancements, such as the introduction of dedicated cycling lanes or traffic calming
strategies, on the perceived level of risk experienced by individuals using roadways in diverse traffic settings.

Conclusions

This study compared self-reported perceived risk among different road users under mixed traffic. This paper also
highlighted how they perceived accident risks from other road users. It was expected that perceived risk would be
significantly different among drivers, motorcyclists, and cyclists, but the results obtained from the ANOVA and t-tests
showed a different outcome. Only 3 out of 16 self-reported perceptions exhibited significant differences, which included
adaptation towards road surface conditions (perceived control), the potential of daydreaming while operating a vehicle,
and distraction from passengers or riding companions (perceived incompetence). The drivers perceived high adaptation
in their driving to road surface conditions. Meanwhile, the motorcyclists and the cyclists have difficulty adapting their
riding to road surface conditions. The drivers and the motorcyclists agreed that they can get lost in thoughts while
handling the vehicles, in contrast to cyclists. The drivers also showed less disruption when they are preoccupied. The
presence of a passenger distracts motorcyclist and causes them to become careless. When cyclists are preoccupied,
they have poorer reflexes and their riding is impacted.
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Appendix

Appendix A. Items in self-reported survey

No Questions
Perceived control
| find no trouble regulating my driving/riding/cycling against the conditions of the road surface.
| am able to drive/ride/cycle cautiously.
| have control over how | drive/ride/cycle in heavy traffic.
I have control over how | drive/ride/cycle regardless of the environmental conditions.
| anticipate the actions of other users.
I have control over how | drive/ride/cycle regardless of my speed.
| am confident in myself when driving.
I manoeuvre between other vehicles with ease.
| drive/ride/cycle efficiently.
| can still drive/ride/cycle nicely although I’'m exhausted.
Perceived Incompetence
| have quick reactions.

I might become lost in personal thoughts when driving/riding/cycling.
| become distracted and deteriorate while driving/riding/cycling once another person is around with me in
the car/on the motorcycle/other cyclists behind me.

I have a hard time driving/riding/cycling at night.

My driving/riding/cycling gets influenced when | am preoccupied.
| tend to act careless when | am in rush.

Perceived risk
Answered by drivers only
| sometimes fail to see motorcycles on the road.
| sometimes fail to see bicycle on the road.
| will decrease my speed whenever | notice motorcyclist on the road.
I will decrease my speed whenever | notice bicyclist on the road.
| intend to show precautions when overtaking the motorcycles.
| intend to show precautions when overtaking the bicycles.
Answered by motorcyclists only
| sometimes fail to see cars on the road.
| sometimes fail to see bicycle on the road.
| will decrease my speed whenever | notice cars on the road.
| will decrease my speed whenever | notice bicyclist on the road.
The drivers intend to show precautions when overtaking me.
| intend to show precautions when overtaking the bicycles.
Answered by cyclists only
| sometimes fail to see cars on the road.
| sometimes fail see motorcycles on the road.
| will decrease my speed whenever | notice cars on the road.
| will decrease my speed whenever | notice motorcyclist on the road.
The drivers intend to show precautions when overtaking me.
The motorcyclists intend to show precautions when overtaking me.
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