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Abstract. Cyclist safety at midblock locations is a growing concern due to 

interactions with motor vehicles. This study examines factors influencing risky 

cycling behaviors, focusing on helmet non-use, reflective clothing non-use, and 

riding two abreast. Field observations in Kuala Lumpur, Cyberjaya, and Shah 

Alam recorded 5,016 cyclists over nine days across peak and non-peak hours. A 

Chi-squared Automatic Interaction Detector (CHAID) decision tree model 

identified significant predictors, including time, day, gender, age, bicycle type, 

cycling purpose, group riding, and weather. Helmet non-use was more prevalent 

among electric and road bicycle users, commuters, solo cyclists, weekday riders, 

female cyclists, and those cycling in the evening. Reflective clothing non-use was 

strongly associated with bicycle type and time of day, with road and electric 

bicycle users displaying the highest non-compliance, particularly in low-light 

conditions. Riding two abreast was more common among weekday cyclists and 

recreational riders, especially in the evening and after peak hours. These findings 

highlight the targeted safety campaigns and awareness to promote safer cycling 

behaviors and reduce crash risks. 
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1 Introduction 

Cycling has grown in both popularity and performance, with notable shifts in partici-

pation and safety concerns worldwide. While overall cycling trends remained stable 

between 2023 and 2024, some countries, including Ireland, Finland, and Belgium, saw 

notable increases in participation [1]. However, road safety remains a major concern 

due to the persistent rise in traffic-related incidents. The World Health Organization 

(WHO) reported 1.19 million road deaths in 2021, with vulnerable road users account-

ing for 53% of fatalities and cyclists comprising 6% of the total [2]. In Europe, 2,035 

cyclist fatalities were reported in 2019, representing 9% of total road fatalities, with 

Romania and the Netherlands recording the highest cyclist fatalities per million inhab-

itants, while Greece had the lowest [3]. In addition, the study reveals that cyclist fatal-

ities in the United States increased by 13% in 2022, reaching 1,105 deaths. Similarly, 

in Malaysia, rising cycling activities have been accompanied by an increase in bike-
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related crashes, with 70% of these incidents resulting in fatalities, accounting for 2% of 

total road deaths [4]. 

At midblock, cyclist crashes are often linked to helmet non-use, reflective clothing 

non-use, and riding two abreast, with several factors shaping these risky behaviors. 

While group cycling generally promotes safer habits, the tendency to ride two abreast 

increases exposure to motor vehicles, particularly in high-traffic areas with space con-

straints [5]. Similarly, bike type plays a role, as road and electric bike users exhibit 

higher rates of helmet and reflective clothing non-use, often prioritizing speed and con-

venience over safety [6]. Cycling purpose further influences these behaviors, with com-

muters more likely to neglect safety gear due to time constraints and route familiarity, 

while recreational cyclists tend to wear helmets and reflective clothing more consist-

ently, especially in unfamiliar environments [7][8]. Time of day also affects compli-

ance, as morning peak-hour cyclists typically demonstrate safer behaviors due to higher 

traffic density, whereas evening cyclists are more likely to forgo safety gear due to 

reduced visibility and fatigue-related inattentiveness [7][8]. Additionally, weekday cy-

clists, particularly commuters, display lower compliance compared to weekend cy-

clists, though weekend nighttime cycling introduces heightened risks, often linked to 

alcohol consumption and poor visibility [9]. These interconnected factors highlight the 

importance of addressing cyclist behaviors at midblock to enhance safety and reduce 

crash risks. 

This study examines the factors associated with risky cycling behaviors at midblock, 

with a focus on helmet non-use, reflective clothing non-use, and riding two abreast. 

Eight explanatory variables were analyzed: time of day, day of the week, gender, age, 

type of bicycle, reason for cycling, group cycling, and weather conditions. The findings 

from this study will support transportation planners, policymakers, and road safety au-

thorities in developing strategies to reduce cyclist crash risks. Additionally, the results 

can inform infrastructure planning, safety policies, and awareness programs aimed at 

promoting safer cycling behaviors at midblock locations. 

2 Method 

2.1  Data Collection 

This study was conducted in three Malaysian cities: Kuala Lumpur, Shah Alam, and 

Cyberjaya, selected for their distinct urban characteristics, active cycling communities, 

and local efforts to promote cycling. Kuala Lumpur, with a population of 1.8 million in 

2020 [10], has actively encouraged cycling through workshops and seminars on eco-

friendly transportation [11]. Shah Alam, home to 438,745 residents in 2024 [10] pro-

vided key insights into cyclist behavior. Meanwhile, Cyberjaya, situated in the Sepang 

district and housing approximately 146,000 residents [12], offers a range of active and 

passive sports and recreational facilities [13]. 

 Research assistants were assigned to identify groups of cyclists at higher risk. De-

mographic information, including gender and age, was recorded alongside contextual 

factors such as type of bike, reason for cycling, group cycling status, weather 
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conditions, time of day, and day of the week. Observations were conducted at midblock 

locations with different types of road facilities, including roads with exclusive bike 

lanes, roads with bike lanes marked by road markings, roads without bike lanes where 

cyclists used the carriageway, and roads designated for bikes only or classified as re-

stricted highways. 

To examine variations in cyclist behavior across peak and non-peak hours, as well 

as between day and night conditions, observations were conducted for six hours per day 

over nine days, covering both weekdays and weekends. To ensure consistency across 

all observation points, time periods were categorized as morning peak hour (7:00 AM 

– 9:00 AM), morning non-peak hour (10:00 AM – 11:00 AM), evening peak hour (5:00 

PM – 7:00 PM), and evening non-peak hour (7:00 PM – 8:00 PM). This structured 

approach enabled a comprehensive analysis of cyclist behaviors across different traffic 

conditions and time periods. 

2.2  Data Analysis 

This study employed the Chi-square Automatic Interaction Detector (CHAID) algo-

rithm within the Decision Tree framework to analyze three risky cycling behaviors: 

helmet non-use, reflective clothing non-use, and riding two abreast. The explanatory 

variables included time of observation, day of the week, gender, age, type of bike, rea-

son for cycling, group cycling, and weather conditions. The analysis focused exclu-

sively on midblock locations to identify high-risk cyclist groups under different road 

conditions. The decision tree model was applied to classify cyclists based on their like-

lihood of engaging in risky behaviors by segmenting the dataset into distinct subgroups. 

This method was chosen for its ability to capture interactions between variables without 

requiring predefined relationships, allowing for a more flexible and intuitive interpre-

tation of risk factors. The analysis highlighted the most influential predictors contrib-

uting to unsafe cycling behaviors by ranking variables based on their impact. All anal-

yses were conducted using IBM SPSS Statistics version 29, ensuring a systematic and 

statistically rigorous approach to modeling cyclist risk behaviors at midblock locations. 

3  Result 

3.1 Descriptive Statistic 

Table 1 summarizes the descriptive analysis of cyclists observed at midblock locations. 

A total of 1,752 cyclists (34.9%) were recorded during the morning peak hour, while 

796 (15.9%) rode during the morning non-peak hour. The evening peak hour accounted 

for the highest proportion of cyclists, with 1,893 (37.7%), whereas 575 (11.5%) were 

observed during the evening non-peak hour. Weekend observations were more fre-

quent, capturing 2,950 cyclists (58.8%), compared to 2,066 cyclists (41.2%) recorded 

on weekdays. Male cyclists comprised the majority of the sample, totaling 4,312 

(86.0%), while female cyclists accounted for 704 (14.0%). The adult age group 
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dominated the sample, with 4,699 cyclists (93.7%), whereas young cyclists represented 

317 (6.3%). In terms of bike type, road bikes were the most commonly used, with 3,003 

cyclists (59.9%), followed by electric bikes with 1,037 (20.7%), and mountain bikes 

with 976 (19.5%). Recreational cycling was the primary purpose, with 3,946 cyclists 

(78.7%) riding for leisure, while 1,070 cyclists (21.3%) were commuting. Solo cycling 

was more prevalent, with 3,356 cyclists (66.9%) riding alone, while 1,660 (33.1%) rode 

in groups. Weather conditions were predominantly clear, with 4,766 cyclists (95.0%) 

observed on dry days, whereas 250 (5.0%) were recorded during rainy conditions. 

Table 1. Descriptive statistics of variables observed. 

Variables Midblock 

Count Percentage (%) 

Time of the Day   

Morning peak-hour 1,752 34.9 

 Morning non-peak hour 796 15.9 

Evening peak-hour 1,893 37.7 

Evening non-peak hour 575 11.5 

Day of the Week   

Weekend  2,950 58.8 

Weekday 2,066 41.2 

Gender   

Female 704 14.0 

Male 4,312 86.0 

Age   

Young  317 6.3 

Adults 4,699 93.7 

Type of bike   

Electric 1037 20.7 

 Mountain 976 19.5 
 
Road 3003 59.9 

Reason of cycling   

Commute 1070 21.3 

Recreation 3946 78.7 

Group Cycling   

No 3356 66.9 

Yes 1660 33.1 

Weather condition   

Clear 4766 95.0 

Rainy 250 5.0 
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3.2 Decision Tree Model 

Decision Tree models were developed to examine the factors influencing helmet non-

use, reflective clothing non-use, and riding two abreast. The CHAID (Chi-square Au-

tomatic Interaction Detector) method was applied, incorporating 10-fold cross-valida-

tion to enhance model reliability. The analysis was conducted with a maximum tree 

depth of 3 and a significance threshold of 5%, allowing for a structured exploration of 

key predictors and their interactions. This approach provided insights into the condi-

tions under which these risky behaviors were more likely to occur, highlighting the 

most influential factors and their combined effects. 

Helmet Non-Use 

Helmet non-use was analysed using a CHAID decision-tree model that produced 23 

nodes and 14 terminal nodes. Bike type, reason for cycling, group cycling status, day 

of the week, time of day, and gender appeared as significant predictors of helmet-wear-

ing behaviour. 

Bike type formed the first and strongest split (χ² = 826.391, d.f. = 2, p-value = 

0.000), separating cyclists into mountain bicycles (Node 1), road bicycles (Node 2), 

and electric bicycles (Node 3). Electric bicycle users recorded the highest helmet non-

use at 863 cyclists (83.2%), followed by road bicycle users at 2,076 cyclists (69.1%). 

Mountain bicycle users showed the lowest non-use at 248 cyclists (25.4%). 

Node 1 (mountain bicycles) separated based on reason for cycling (χ² = 135.991, 

d.f. = 1, p-value = 0.000). Recreational cyclists (Node 4) recorded 128 cyclists (16.8%), 

while commuters (Node 5) showed 120 cyclists (56.1%). Node 4 separated based on 

group cycling (χ² = 18.286, d.f. = 1, p-value = 0.000), where group recreational cyclists 

(Node 10) recorded 72 cyclists (12.5%), and solo recreational cyclists (Node 11) rec-

orded 56 cyclists (30.3%). Node 5 separated based on time of day (χ² = 27.753, d.f. = 

2, p-value = 0.000). Morning peak-hour cyclists (Node 12) recorded 39 cyclists 

(54.9%), cyclists riding after morning and evening peak hours (Node 13) recorded 31 

cyclists (37.8%), and evening peak-hour cyclists (Node 14) recorded 50 cyclists 

(82.0%). 

Node 2 (road bicycles) separated based on group cycling (χ² = 214.833, d.f. = 1, p-

value = 0.000). Group cyclists (Node 6) recorded 393 cyclists (52.6%), while solo cy-

clists (Node 7) recorded 1,683 cyclists (74.6%). Node 6 separated by time of day (χ² = 

39.984, d.f. = 2, p-value = 0.000). Morning peak-hour cyclists (Node 15) recorded 105 

cyclists (39.5%), cyclists riding after morning and evening peak hours (Node 16) rec-

orded 244 cyclists (57.1%), and cyclists riding after the evening peak hour (Node 17) 

recorded 44 cyclists (81.5%). Node 7 separated based on day of the week (χ² = 129.078, 

d.f. = 1, p-value = 0.000). Weekend cyclists (Node 18) recorded 736 cyclists (64.3%), 

while weekday cyclists (Node 19) recorded 947 cyclists (85.2%). 

Node 3 (electric bicycles) separated based on day of the week (χ² = 79.317, d.f. = 1, 

p-value = 0.000). Weekend cyclists (Node 8) recorded 528 cyclists (76.0%), while 

weekday cyclists (Node 9) recorded 335 cyclists (98.0%). Node 8 separated further by 

gender (χ² = 6.209, d.f. = 1, p-value = 0.013). Male cyclists (Node 20) recorded 431 

cyclists (74.2%), while female cyclists (Node 21) recorded 97 cyclists (85.1%). Node 
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9 separated based on reason for cycling (χ² = 4.398, d.f. = 1, p-value = 0.036). Recrea-

tional cyclists (Node 22) recorded 223 cyclists (99.1%), while commuters (Node 23) 

recorded 112 cyclists (95.7%). 

Reflective clothing Non-use 

Reflective clothing non-use was analysed using a CHAID decision-tree model consist-

ing of four nodes and three terminal nodes. Bike type and time of day emerged as the 

two primary predictors of reflective clothing behaviour. 

The root node separated cyclists based on bike type (χ² = 16.168, d.f. = 1, p-value 

= 0.000). Road and electric bicycle users formed one branch and recorded a reflective 

clothing non-use rate of 4,031 cyclists (99.8%), while mountain bicycle users formed 

the second branch with a slightly lower rate of 965 cyclists (98.9%). 

Mountain bicycle users (Node 1) were further classified based on time of day (χ² = 

10.504, d.f. = 1, p-value = 0.008). Cyclists riding during the morning peak hour and 

after the evening peak hour (Node 3) recorded a non-use rate of 557 cyclists (91.1%), 

while those cycling after the morning peak hour and during the evening peak hour 

(Node 4) recorded a higher non-use rate of 408 cyclists (97.6%). 

Riding Two Abreast 

Cyclists riding two abreast were analysed using a CHAID decision-tree model that pro-

duced eight nodes and five terminal nodes. Day of the week, reason for cycling, type 

of bicycle, and time of observation appeared as the key splitting variables shaping rid-

ing behaviour. 

Day of the week served as the strongest predictor (χ² = 96.678, d.f. = 1, p-value = 

0.000). Cyclists riding on weekends (Node 1) recorded 1,651 cyclists (94.0%), reflect-

ing a slightly lower likelihood of riding two abreast, while cyclists riding on weekdays 

(Node 2) recorded 1,598 cyclists (99.9%), indicating a much higher tendency. 

Node 1 separated further based on reason for cycling (χ² = 11.302, d.f. = 1, p-value 

= 0.001). Weekend recreational cyclists (Node 3) recorded 106 cyclists (6.6%), whereas 

commuting cyclists recorded 0 cyclists (0.0%), showing no observed cases of riding 

two abreast. 

The weekend recreational group (Node 3) was subsequently split by time of obser-

vation (χ² = 11.725, d.f. = 1, p-value = 0.004). Cyclists riding during the morning peak 

and after the morning peak (Node 7) recorded 69 cyclists (8.8%), indicating a slightly 

lower rate of two-abreast riding. Cyclists riding during the evening peak and after the 

evening peak (Node 8) recorded 37 cyclists (4.5%), showing a lower proportion. 

4 Discussion 

Group Cycling 

Group cycling significantly influenced risky behaviors at midblock, with group cyclists 

generally displaying safer behaviors, particularly in helmet and reflective clothing us-

age, compared to solo cyclists. This trend may be attributed to the heightened visibility 

and social accountability in group settings, where members encourage one another to 
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follow safety practices [14]. However, group cyclists were more likely to ride two 

abreast, reflecting the social and interactive nature of group rides. The perception that 

midblock offers a safer environment due to lower traffic complexity may further con-

tribute to this behavior. The Highway Code notes that riding two-abreast can enhance 

safety, particularly in situations where visibility is critical [14]. 

Type of Bike 

The type of bike significantly influenced risky behaviors at midblock, particularly in 

helmet and reflective clothing non-use. Cyclists using road and electric bikes exhibited 

higher levels of non-compliance compared to mountain bike users. This trend may be 

attributed to the design and purpose of these bikes, as road and electric bikes prioritize 

speed and efficiency, leading cyclists to overlook safety measures [6][15]. A study in 

Shanghai found that only 13.5% of electric bike users wore helmets, highlighting low 

compliance [6]. Despite the increased speed and head injury risks associated with elec-

tric bikes, the absence of legal mandates further contributes to lower helmet usage [15]. 

In contrast, mountain bike users demonstrated safer behaviors, with higher helmet and 

reflective clothing usage. Their use on mixed-traffic roads may create a greater percep-

tion of risk, encouraging compliance with safety measures. While mountain bikes are 

primarily designed for off-road terrains, their presence in urban environments necessi-

tates additional precautions. The interaction between bike type and riding purpose also 

influences helmet use, as road and electric bike users in urban settings tend to exhibit 

lower compliance [16]. 

Reason for Cycling 

The reason for cycling whether for commuting or recreation significantly influenced 

risky behaviors, particularly helmets and reflective clothing non-use. At midblock, rec-

reational cyclists exhibited higher compliance with safety measures. This cautious be-

havior is likely driven by their perception of unfamiliar environments as riskier, 

prompting increased use of safety [17]. Meanwhile, commuters displayed lower helmet 

and reflective clothing usage. This trend may be attributed to route familiarity and time 

pressures, fostering a false sense of security and neglect of safety measures [18][19]. 

These contrasting patterns highlight how cycling purpose shapes safety behavior, with 

recreational cyclists being more cautious, whereas commuters may underestimate risks 

due to routine familiarity. 

Time of The Day 

Time of the day significantly influenced risky cycling behaviors. At midblock, cyclists 

riding during the morning peak and after the morning peak tended to be more cautious, 

likely due to higher traffic volumes and increased awareness during commuting hours. 

A study by Adeyemi et al. [7] indicates that morning peak periods experience the high-

est density of vehicles and cyclists, increasing the risk of crash injuries by 40%. This 

risk may encourage cyclists to adopt safer riding behaviors. Even after the morning 

peak, some cyclists may continue to ride cautiously despite reduced traffic density. 

Conversely, helmet and reflective clothing non-use were more common during the 

evening peak and after the evening peak. Reduced visibility and a sense of urgency to 



 

 

 

 

144             P. I. S. Salim and R. Rusli

complete the journey may contribute to this behavior. Additionally, fatigue and lower 

attentiveness in the evening may lead cyclists to prioritize convenience over safety [20]. 

Familiarity with routes during evening commutes can also result in complacency, fur-

ther reducing the likelihood of wearing helmets and reflective clothing [21]. 

Day of The Week 

Day of the week significantly influenced risky cycling behaviors, with notable differ-

ences between weekdays and weekends at midblock. On weekdays, cyclists, particu-

larly commuters, exhibited higher levels of helmet and reflective clothing non-use. This 

trend may be attributed to time constraints, routine familiarity, and urgency during 

workdays, leading to reduced prioritization of safety measures [21][22]. Familiarity 

with routes can create a false sense of security, reducing the perceived need for helmets 

and reflective clothing, even in high-risk traffic conditions [23]. Additionally, fatigue 

and reduced focus during evening commutes may further contribute to decreased safety 

gear use, as cyclists prioritize convenience over safety [24][20]. However, weekend 

cycling at midblock was generally safer, particularly among recreational cyclists. The 

leisurely pace of weekend rides likely reduces the risk of high-speed crashes and en-

courages greater use of safety gear [25]. Weekend rides also often take place during 

daylight hours, further enhancing safety. However, nighttime cycling on weekends was 

associated with higher crash risks, potentially due to alcohol consumption [9]. Group 

cycling at midblock also played a role in increased visibility and perceived safety, 

though riding two abreast, while socially beneficial, may elevate risks in high-traffic 

areas [5]. 

Gender 

Gender significantly influenced risky cycling behaviors at midblock. Male cyclists con-

sistently exhibited higher levels of helmet and reflective clothing non-use, which may 

be attributed to their inclination toward speed and efficiency, often associated with 

open, less complex environments [26][27]. In contrast, female cyclists displayed higher 

instances of helmet and reflective clothing non-use during recreational activities. This 

could stem from comfort preferences and the perception of reduced risk in familiar 

midblock settings [28][29]. The leisurely nature of recreational cycling may further re-

inforce this lower risk perception, contributing to decreased use of safety gear [28]. 

5 Conclusion 

This study examined high-risk groups of cyclists engaged in helmet non-use, reflective 

clothing non-use, and riding two abreast at midblock locations in Kuala Lumpur, 

Cyberjaya, and Shah Alam. A total of 5,016 cyclists were observed over a nine-day 

period, and a CHAID decision tree model was used to assess the influence of variables 

such as time of day, day of the week, gender, age, type of bicycle, reason for cycling, 

group cycling, and weather conditions on these risky behaviors. The analysis revealed 

that helmet non-use was most prevalent among electric and road bicycle users, partic-

ularly commuters and solo cyclists. Lower compliance was observed among weekday 
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riders, female cyclists, and those riding in the evening. Reflective clothing non-use was 

highest among road and electric bicycle users, with non-compliance especially evident 

in low-light conditions. Riding two abreast was more common among weekday and 

recreational cyclists, particularly during evening and off-peak hours. These findings 

point to the need for infrastructure enhancements, including improved lighting and the 

provision of dedicated bicycle lanes, to improve safety at midblock locations. In Ma-

laysia, two primary national guidelines currently guide the design and implementation 

of cycling infrastructure: the Guide to the Design of Cycle Track – Arahan Teknik Jalan 

(Amendment 2018) by the Public Works Department [30], and the Garis Panduan 

Perancangan Laluan Kenderaan Micromobility by PLANMalaysia [31]. In addition, 

local authorities such as Kuala Lumpur City Hall have developed their own guidelines 

[32]. The insights from this study should inform future revisions of these documents, 

particularly regarding how bicycle type, commuter status, and temporal patterns influ-

ence risky cycling behaviors. Traffic regulations related to cyclist behavior remain lim-

ited in Malaysia. The Road Traffic Rules 1959, for example, only briefly mention prac-

tices such as riding two abreast and do not mandate the use of helmets or reflective 

clothing. A more comprehensive legal framework is needed to address a wider range 

of risky cycling behaviors, supported by consistent enforcement. In parallel, targeted 

safety campaigns and policy interventions focusing on high-risk cyclist groups could 

promote safer practices, particularly regarding helmet use, visibility, and group riding 

during high-risk periods. At present, most road safety initiatives are directed at car driv-

ers and motorcyclists, with a minimal focus on cyclists. Integrating the findings of this 

study into regulatory, infrastructural, and educational measures would enhance Malay-

sia’s capacity to promote cycling as a safe, active, and sustainable mode of transport. 
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