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Despite the considerable efforts to address traffic crashes, overspeeding in industrial zones remains 
a primary cause in Thailand. In order to effectively against this challenge (overspeeding), the 
deep-rooted factors influencing speeding behaviors, particularly drivers’ risky behaviors, must be 
understood. Thus, this study employs the theory of planned behavior (TPB) and the framework 
comprising three basic Es (Education, Engineering, and Enforcement) and additional Es (Emergency 
response), i.e., the 3Es + Es framework, to examine these deep-rooted factors while considering 
the riders’ sociodemographic data. Additionally, we performed structural equation modeling to 
investigate the factors influencing speeding behaviors, with key findings revealing that Engineering 
factors significantly account for overspeeding. Conversely, we revealed that attitude, subjective norm, 
and perceived behavioral control (which are essential TPB components) significantly influence riders’ 
intentions to exhibit safe behavior, resulting in reduced speeding. Additionally, our examination of 
latent factors based on riders’ sociodemographic data revealed that age, marital status, income, riding 
experience, crash history, and traffic tickets are significant factors that determine speeding habits. 
Specifically, we observed that single riders and those with less than five years of riding experience were 
less likely to exhibit safe riding behaviors. Overall, our findings would benefit Thailand’s road-safety 
authorities, as we specifically proposed appropriate policies and empirical guidelines for Thailand’s 
industrial zones, which are prone to high crash rates. This could effectively reduce speeding among 
motorcycle riders and mitigate traffic crashes.
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Injuries and fatalities due to overspeeding represent significant traffic hazards globally. It is concerning that 
approximately 50% of severe traffic crashes are attributable to overspeeding1. Similar to many countries, Thailand 
is also plagued by severe traffic challenges. The latest report of the World Health Organization (WHO) in 2023 
revealed that Thailand has a road-accident-death rate of approximately 25.4 per 100,000 population2. Although 
the situation has improved slightly, Thailand still falls far short of its road-accident–fatality-reduction targets and 
may still be a leading Asian country in terms of traffic crashes3. Moreover, owing to Thailand’s deeply worrying 
statistics, WHO has ranked the country as number 1 globally for motorcycle-related road-accident-attributable 
deaths, with an estimated rate of 24.3 per 100,000 population in 20182. This poses a significant concern for road-
safety agencies striving to mitigate traffic crashes.

The overall statistic (22.11%) encompasses the injury and fatality rates among road users in Thailand’s 
industrial zones4. Emphasizing statistical disclosure underscores the prevalence of traffic crashes as well as the 
driving risks in these zones, characterized by complex driving conditions in dense traffic, which favor speeding 
and significantly increase crashes5. It is well-established that vehicle speed directly influences the risk of rear-end 
collisions with other vehicles6, as high speeds preceding crashes could escalate the likelihood of crash6and injury 
severities as well as fatality rates2,7. These facts pose significant concerns, particularly for motorcycle riders, who 
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are among the primary casualties in industrial-zone traffic crashes8. In turn, these concerns warrant detailed 
scrutiny to uncover the deep-seated truths about the factors influencing speeding behaviors, particularly risky-
riding behaviors, to effectively proffer control and prevention methods for mitigating the traffic crashes.

Several studies have revealed that human driving behavior is primarily a significant factor that contributes 
to traffic crashes9. Fundamentally, aberrant driving behaviors refer to risky behaviors that do not intentionally 
harm the driver or other drivers10. However, negligence and disregard for safety result in risky behaviors that 
may endanger drivers, passengers, pedestrians, and other road users11. Although most accidents stem from 
unsafe behaviors, they can be addressed and prevented12,13. Thus, we acknowledge that a comprehensive review 
and understanding of data on factors influencing speeding behaviors is one strategy for mitigating traffic crashes. 
Moreover, the selection of an appropriate model for accurately predicting driving/riding behavior is crucial, 
and one such model is the theory of planned behavior (TPB). TPB is a widely deployed psychological model 
for examining behavioral beliefs and intentions based on attitudes (positive/negative-behavior assessment), 
subjective norms (perceived social pressure regarding behavior), and perceived behavioral control (perception 
of ease/difficulty in controlling behavior) in each component. The model leverages these parameters to 
comprehensively study human behavior based on the consequences of such behavior14.

Notably, there is currently a collaborative learning effort to address long-term safety concerns. The 
development of a framework that emphasizes collective responsibility toward road safety and traffic-crash 
mitigation has resulted in the discard of the conventional approach, which emphasizes holding individuals 
responsible for traffic crashes. The new framework proposes that everyone in society is responsible for the 
safety system and traffic-crash mitigation in such a society15. This safety-concept framework comprises the 
three basic Es (Education, Engineering, and Enforcement) and additional Es (Emergency response), known as 
3Es + Es. However, the framework has neither been explored nor thoroughly examined. Particularly, the studies 
on the behaviors of motorcycle riders have mainly explored TPB16and socio-demographic factors7 to clarify 
the research gaps. To resolve this limitation, this study was aimed at investigating the synergistic effect of the 
conventional model (TPB) and the new frameworks (3Es + Es) as well as exploring the socio-demographic data 
of motorcycle riders to underscore the criticality of elucidating the factors influencing motorcycle riders’ speed 
behavior in attempting to mitigate traffic crashes.

Therefore, to ensure that crucial deep insights and discoveries are not neglected, we investigated factors 
influencing motorcycle riders’ speeding behaviors in areas with high accident rates in Thailand, e.g., the 
industrial zones, using the three key models: (1) the 3Es + Es safety framework, (2) the TPB model, and (3) 
socio-demographic data. Additionally, employing a statistically robust structural equation modeling (SEM) 
approach for accurate prediction, we gathered valuable and useful deep data for road-safety organizations. 
Our effort will facilitate policy-making as well as the establishment of appropriate standards for the effective 
mitigation of traffic crashes.

Literature review
Table  1 presents a review of the extant studies (spanning 2005–2023) on the factors influencing speeding 
behaviors. Thus, 27 studies were reviewed; these studies predominantly examined these factors using data 
obtained from general drivers. The data were obtained through questionnaire surveys based on various conceptual 
frameworks. These frameworks included the following: TPB, socio-demographic, PRECEDE, driver behavior 
questionnaire (DBQ), IF-THEN, Homel’s, norm-activation model (NAM), social learning theory (SLT), and 
prototype/willingness model (PWM), as well as social, cultural, road environment, attitude, personality traits, 
and risky-driving behaviors. The review revealed that the TPB framework is the most frequently used owing 
to its accuracy, as a psychological model, to effectively predict behavior. However, no study has examined the 
synergistic effect of the TPB and 3Es + Es frameworks on investigating the factors influencing speeding behaviors 
while also incorporating the sociodemographic data. As most studies mainly integrated the road-safety concept 
of the 3Es framework with the evaluation of road policies to examine similar standards across countries, this 
approach facilitates the gathering and refinement of effective road-safety programs15,17–20. Over the past decade, 
various methodologies, including exploratory factor analysis (EFA), regression analysis, hierarchical multiple 
regression analysis, hierarchical regression analysis, linear network autocorrelation models (LNAM), principal 
component analysis (PCA), descriptive and inferential statistics, SEM, analysis of variance (ANOVA), ordered 
probit model, multiple regression analysis, and binary logistic regression, have been employed. Among them, 
SEM has attracted the most attention owing to its advantages, such as its capability of simultaneously assessing 
various types of relationships between variables and rigorously examining and comparing similarities and 
differences between two or more groups21.

Notably, only five accessible studies have specifically reviewed the studies on motorcycle riders’ behaviors 
in Southeast Asia. The extant studies mainly examined riders’ behaviors using TPB, PRECEDE, and Homel’s 
models as well as other factors, such as attitude, behavior, road characteristics, motorcycle characteristics, 
speed, throttle, brake usage, distance, riding experience, and age. These studies applied statistical models, such 
as SEM, logistic regression, binary logistic regression, LNAM, and hierarchical multiple regression to analyze 
these factors, effectively predicting motorcycle-riding behaviors across various parameters16,22–24. However, 
these studies did not comprehensively capture the basic road-safety concept of the 3Es + Es framework, and this 
oversight might have resulted in the negligence of certain key insights.

Regarding the existing research gap, Table 1 reveals that the extant studies on the factors influencing speeding 
behavior mostly surveyed general drivers using the TPB framework as their primary survey method, with SEM 
being the most popular technique. However, no study has examined the factors influencing motorcycle riders’ 
speeding behaviors by analyzing the interaction between the TPB and 3Es + Es frameworks using SEM statistical 
methods. Based on the foregoing, this study is among the first to consider the interaction between the TPB 
theoretical framework and 3Es + Es in investigating the factors affecting motorcycle riders’ speeding behaviors.
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Based on the literature review, we explored the factors influencing speeding behavior using the TPB 
(attitude, subjective norm, and perceived behavioral control) and 3Es + Es frameworks (education, engineering, 
enforcement, and emergency response). Additionally, we examined latent factors based on demographic data. 
Our findings will enhance the understanding of key in-depth factors influencing speeding behavior and provide 
valuable information and measures for policymakers aiming to effectively and contextually reduce speed-related 
traffic crashes. To achieve our goals, we proposed the following hypotheses for the TPB framework:

• hypothesis 1  • (H1): Positive safety attitudes increase the intention of practicing safe behaviors, facilitating 
reduced-speeding behaviors.

• hypothesis 2  • (H2): Reference groups exhibiting safe riding behavior increase the intention of practicing 
safe-riding behaviors, facilitating reduced-speeding behavior.

Paper Country Year

Factor

MethodTarget group TPB Sociodemography 3Es + Es Others

Elliott et al.25 England 2005 General Drivers • Hierarchical multiple 
regression analysis

Warner & Åberg26 Sweden 2006 General Drivers • SEM

Mehmood27
United 
Arab 
Emirates

2009 General Drivers • Multiple regression analysis

Forward28 Sweden 2010 General Drivers • Hierarchical regression analysis

Cestac et al.29 France 2011 Yung Drivers • • Hierarchical regression analysis

SUKOR et al.23 Malaysia 2011 Motorcycle Riders • SEM

Chorlton et al.30 United 
Kingdom 2012 Motorcycle Riders • Regression analysis

Cristea et al.31 France 2013 General Drivers • • Hierarchical regression analysis

Dinh et al.32 Japan 2013 General Drivers • • Hierarchical regression analysis

Scott-Parker et al.33 Australia 2013 Young Drivers SLT and PWM Hierarchical multiple 
regressions

Choon et al.24 Malaysia 2014 Motorcycle Riders
Speed, Throttle, Brake, Weekly 
Travel Mileage, Distance, Riding 
Experience, and Age

SEM

Chumpawadee et al.34 Thailand 2015 Young Motorcycle 
Riders • PRECEDE Model Descriptive and inferential 

statistics

Brewster et al.35 Scotland 2015 General Drivers • IF-THEN ANOVAs

Rowe et al.36 United 
Kingdom 2016 Motorcycle Riders • EFA

Atombo et al.37 Ghana 2016 General Drivers • DBQ Regression analysis

Jovanović et al.38 United 
States 2017 Motorcycle Riders • PCA

Manan et al.22 Malaysia 2017 Motorcycle Riders
Road Characteristics, 
Motorcyclist Riding Behavior, 
Motorcycle Characteristics, and 
Motorcyclist Characteristics

Logistic regression

Javid et al.39 Oman 2019 General Drivers  • NAM SEM

Mohamad et al.40 Malaysia 2019 General Drivers  • Attitude Binary logistic regression

Hong et al.7 Thailand 2020 Motorcycle Riders  • LNAM

Javid & Al-Hashimi41 Oman 2020 General Drivers  • SEM

Javid et al.42 Pakistan 2021 General Drivers NAM, Social, Cultural, and Road 
Environment EFA and SEM

Muntafi16 Indonesia 2022 Young Motorcycle 
Riders  • Hierarchical multiple 

regression analysis

Qaid et al.6 Indonesia 2022 General Drivers  • Homel’s Model SEM

Javid et al.43 Pakistan 2022 General Drivers  • Ordered probit model

Tanglai et al.44 Thailand 2022 Van Drivers  •
Personality Traits, Attitude 
Toward Traffic Safety, and Risky-
Driving Behaviors

Hierarchical regression analysis

Alizadeh et al.45 Iran 2023 General Drivers  • SEM

Table 1.  Reviewing studies on factors influencing speeding behavior from previous studies. Note:factors 
considered; TPB, theory of planned behavior; EFA, exploratory factor analysis: LNAM, linear network 
autocorrelation models; PCA, principal component analysis; DBQ, driver behavior questionnaire; SEM, 
structural equation modeling, SLT, social learning theory; PWM, prototype/willingness model; NAM, norm-
activated model.
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• hypothesis 3  • (H3): Low perceived behavioral control over risky behaviors increases the intention of practic-
ing safe-riding behaviors, facilitating reduced-speeding behavior.

Similarly, we proposed the following hypotheses for the 3Es + Es framework:

• hypothesis 4  • (H4): Education results in reduced-speeding behavior.

• hypothesis 5  • (H5): Safe road design (Engineering) facilitates reduced-speeding behavior.

• hypothesis 6  • (H6): Law enforcement leads to a reduction in speeding behavior.

• hypothesis 7  • (H7): Effective emergency response facilitates reduced-speeding behavior.

Methods
Questionnaire structure
The survey questionnaire comprised three sections. The first section examines the social and demographic 
information of the respondents, such as their gender, age, marital status, education level, income, occupation, 
riding experience, crash history, and traffic tickets. These pieces of information effectively highlight the 
individual differences among the respondents. The second section assesses the respondents’ behavioral beliefs 
and intentions based on TPB comprising attitudes, subjective norms, and perceived behavioral control as 
well as the 3Es + Es framework comprising education, engineering, enforcement, and emergency response. 
The questions in this section were evaluated on a seven-point Likert scale (1 = strongly disagree, 2 = disagree, 
3 = somewhat disagree, 4 = neutral, 5 = somewhat agree, 6 = agree, 7 = strongly agree). The final section evaluates 
the respondents’ speeding behaviors. The questions were evaluated on a six-point Likert scale (1 = never, 
2 = almost never, 3 = sometimes, 4 = fairly often, 5 = often, 6 = always). This section can effectively explain the 
individual differences among the speeding experiences of the riders.

Respondents
In this study, we interviewed motorcycle riders with riding experience around industrial zones in Thailand. 
The target participants were aged 18–60 years, as riders within this age range are characterized by enhanced 
physical capabilities, cognitive skills, perception, motor coordination, and readiness to respond to various 
situations46,47. Further, 2,000 samples were obtained, corresponding to the guideline of using more than five 
times the number of variables in the model, as reported in the literature48,49. To ensure the reliability and 
accuracy of SEM and the results, respectively, we used a sample size that was 40 times the number of variables in 
the model, which included 48 variables. Therefore, the utilized sample size was 1,920 samples, with a reserve of 
80 samples to account for potential loss. During the survey, 2,000 participants cooperated and responded to all 
the questions. This number of participants was employed to ensure that the sample represented the motorcycle 
riders’ population as accurately as possible. Notably, we used the data from all the 2,000 participants for the 
model analysis. During the survey, we explained the objectives and fundamental concepts to the participants to 
ensure they completely understood the details of the study and provided accurate and complete information. 
Significant ethical considerations were submitted and approved by the Ethics Committee of Suranaree University 
of Technology, Thailand. The committee considered the survey and deemed it low risk, as the data do not pose 
greater risks to the participants than what they face in their daily lives. Moreover, the questions did not include 
personal or identifiable information, thus canceling out the possibility of subjecting the participants to physical 
or psychological stress. Additionally, Our field data collectors invited participants to join the project through 
verbal invitations and provided them with information sheets. All participants were fully informed about the 
study and provided their consent by signing the informed consent form. (COE No.5/2567; January 30, 2024).

Data analysis
The analyses of the social and demographic data of the respondents are presented in Supplementary Table S1 
online, alongside the analyses of the dependent and independent variables, which are displayed as descriptive 
information. The survey recorded a complete response rate; the data from the 2,000 respondents were available for 
analysis, as detailed in Supplementary Tables S2 and S3 online. In this study, EFA was used to evaluate the district 
variables to identify or categorize variables with similar relationships and accurately determine the components 
that explain the main factors. The analysis included verifying the Kaiser–Meyer–Olkin (KMO) measure of the 
sampling adequacy and the ability of the components to explain variance. Additionally, confirmatory factor 
analysis was used to verify the quality of the latent-construct measurement. The analysis involved examining the 
composite reliability (CR) as well as the average variance extracted (AVE) before analyzing the factors influencing 
speeding behaviors by SEM. The model-fit was tested using the following statistics: X2/df, ratio of the chi-
square to degrees of freedom; CFI, comparative fit index; TLI, Tucker–Lewis index; RMSEA, root mean square 
error of approximation; and SRMR, standardized root mean square residual. The statistics were calculated to 
ensure accurate results and reliable conclusions50. All the analyses were conducted using the statistical software, 
Mplus version 7.0.

Results
Exploratory factor analysis of district variables
We performed EFA of the 3Es + Es framework and TPB models to reduce the latent factors and consolidate them 
into main factors reflecting different components. Supplementary Table S4 online presents the results of EFA of 
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the TPB model comprising 14 items. The KMO-test value was 0.805, explaining up to 79.494% of the variance. 
These factors were classified into four groups: (1) Attitude (SA1–SA3), (2) Subjective Norm (SS4–SS6), (3) 
Perceived Behavioral Control (SP7–SP11), and (4) Intention (SB12–SB14). Regarding the 3Es + Es framework 
also comprising 14 items, with a KMO-test value of 0.899, explaining up to 79.968% of the variance, these factors 
generated Cronbach’s alpha values of 0.733–0.944. These factors were classified into four groups: (1) Education 
(SE15–SE17), (2) Engineering (SG18–SG21), (3) Enforcement (SF22–SF24), and.

(4) Emergency response (SM25–SM28). These factors generated Cronbach’s alpha values of 0.863–0.921. All 
the statistics fell within acceptable ranges, as per the literature51–53.

Confirmatory factor analysis
In this section, the importance of each item was examined and explained to confirm the possibility of using 
the indicators as components in each factor (Supplementary Table S5 online). All the loading values exceeded 
0.05, with each item being statistically significant at a 99% confidence level, thus indicating that the model 
achieved accuracy and consistency54. Furthermore, all the factors exhibited composite reliability (CR) values 
of over 0.7, and the AVE values of all the factors exceeded 0.05, falling within an acceptable range. Studies have 
recommended that CR and AVE values must be ≥ 0.7 and 0.05, respectively, to ensure statistical reliability. These 
statistics confirmed that SEM could be used to appropriately analyze all the factors54.

Factors in the theory of planned behavior model
The Attitude factor was measured using indicators SA1–SA3. The analyses of the three variables revealed that 
they were components of the Attitude Toward the Behavior factor with a p-value of < 0.000. The loading values 
ranged from 0.692 to 0.818. Notably, SA2 exhibited the highest loading factor regarding Attitude, indicating the 
following: “I believe that speeding may result in running pedestrians/animals over” (γ = 0.818, t = 40.648).

The Subjective Norm factor was measured using indicators SS4–SS6. The analyses of these three variables 
revealed that they were components of the Subjective Norm factor with a p-value < 0.000. The loading values 
ranged from 0.637 to 0.746. Notably, SS6 exhibited the highest Subjective Norm loading factor, indicating the 
following: “The people around me advise me not to drive faster than the legal speed limit” (γ = 0.746, t = 59.780).

The Perceived Behavioral Control factor was measured using indicators SP7–SP11. The analyses of these five 
variables revealed that they were components of the Perceived Behavioral Control with a p-value of < 0.000. 
The loading values ranged from 0.729 to 0.949. Notably, SP9 displayed the highest loading factor regarding 
Perceived Behavioral Control, indicating the following: “I can drive faster than the legal speed limit even under 
unfavorable weather conditions, such as rain, fog, or heat” (γ = 0.949, t = 175.501).

Behavioral Intentions were measured using indicators SB12–SB14. The analyses of these five variables revealed 
that they were components of Behavioral Intentions with a p-value of < 0.000. The loading values ranged from 
0.708 to 0.887. Notably, SB14 exhibited the highest Behavioral Intentions loading factor, indicating the following: 
“I will advise my family and those around me to not exceed the legal speed limit” (γ = 0.887, t = 63.603).

3Es + Es factor
The Education factor was measured using indicators SE15–SE16. The analyses of the three variables revealed 
that they were components of the Education factor with a p-value of < 0.000. Their loading values ranged from 
0.649 to 0.889. Notably, SE17 exhibited the highest Education loading factor, indicating the following: “I believe 
that raising awareness in the community about the risks of speeding would help reduce speeding” (γ = 0.889, 
t = 83.571).

The Engineering factor was measured using indicators SG18–SG21. The analyses of the four variables revealed 
that they were components of the Engineering factor with a p-value of < 0.000. The loading values ranged from 
0.596 to 0.904. Notably, SG19 exhibited the highest Engineering loading factor, indicating the following: “I 
believe that installing warning and speed-limit signs would help reduce speeding” (γ = 0.904, t = 99.351).

The Enforcement factor was measured using indicators SF22–SF24. The analyses of the three variables 
revealed that they were components of the Enforcement factor with a p-value of < 0.000. Their loading values 
ranged from 0.822 to 0.883. Notably, SF23 exhibited the highest Enforcement loading factor, indicating the 
following: “I believe that strict traffic discipline enforced by police would help reduce speeding” (γ = 0.883, 
t = 101.909).

The Emergency-Response factor was measured using indicators SM25–SM28. The analyses of the four 
variables revealed that they were components of the Emergency-Response factor with a p-value of < 0.000. Their 
loading values range from 0.772 to 0.869. Notably, SM26 exhibited the highest loading Emergency-Response 
factor, indicating the following: “I believe that quick access to crash scenes by organizations when crashes occur 
due to speeding would reduce injuries and fatalities” (γ = 0.869, t = 92.213).

Structural equation modeling
The results of the model-fit test and SEM obtained by exploratory analysis are shown in Fig. 1; Table 2. The 
results revealed that the model appropriately fit the data, with the following statistics: χ2/df = 2.04, CFI = 0.964, 
TLI = 0.961, RMSEA = 0.027, and SRMR = 0.047. A comparison of these statistics with those of previous studies 
revealed that they fell within acceptable ranges51.

The parameter-estimation results of the structural model revealed the factors influencing risky-riding 
behaviors that result in overspeeding, as presented in Table 3; Fig. 1. We observed that both sets of components 
effectively clarified speeding behaviors during riding. The first set was related to the TPB factors, where the 
results indicated that Attitude (γ = 0.28, t = 7.442), Subjective Norm (γ = 0.116, t = 4.747), and Perceived 
Behavioral Control (γ = −0.136, t = − 5.618) influenced the riders’ intention to engage in safer riding behaviors, 
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resulting in a significant reduction in their speeding behaviors. The second set comprised the 3Es + Es factors, 
where the results indicated that Education (γ = −0.145, t = − 21.385), Enforcement (γ = −0.165, t = − 26.577), 
and Emergency Response (γ = −0.162, t = − 26.158) significantly contributed to reduced-speeding behaviors. 
Conversely, Engineering (γ = 0.399, t = 13.647) significantly increased the riders’ speeding behavior. Additionally, 
the deep dive resulted in the evaluation of the social and demographic factors of the riders, which acted as 
latent variables, The results revealed that the riders aged between 26 and 35 years exhibited increased attitude 
to practice safer riding behaviors (AGE2:γ = 0.083, t = 2.374). Moreover, the single riders exhibited decreased 
attitude toward safer riding behaviors (Single:γ = −0.055, t = − 2.187), those with an income of 20,001–30,000 
baht demonstrated increased intentions to engage in safer behaviors (Income:γ = 0.094, t = 3.836). The riders 
with less than five years of experience displayed decreased intention to engage in safer riding behaviors (Ex < 5:γ 
= −0.065, t = − 2.775), whereas those with crash histories believed that efficient emergency-response agencies 
could contribute to increased safety (Accident_Y:γ = 0.069, t = 3.047). The riders whose relatives or acquaintances 
have crash histories believed that adhering to safe riding behavior increases safety (Accident_Firend_Y:γ = 0.116, 
t = 4.376). Finally, the riders who have received tickets exhibited significantly reduced risky-riding behaviors 
(Ticket_Y:γ = 0.116, t = 4.376). The results of the model parameter evaluation reveal several key factors that 
influence speeding behavior, which in turn lead to targeted interventions aimed at avoiding and reducing risky 
behaviors to promote a road safety culture.

X2/df CFI TLI RMSEA SRMR

Index values 2.04 0.964 0.961 0.027 0.047

Critical values < 348,55 > 0.9553,56 > 0.9557 < 0.05 58 < 0.0853,59

Table 2.  Goodness-of-fit of SEM. * X2/df, ratio of the chi-square to the degrees of freedom; CFI, comparative 
fit index; TLI, Tucker–Lewis index, RMSEA, root mean square error of approximation; SRMR, standardized 
root mean square residual.

 

Fig. 1.  Structural Model of the Factors Influencing Risky Speeding Behavior.
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Discussion
Theory of planned behavior factors
A positive attitude toward safety increases riders’ intentions to engage in safe riding, resulting in a decrease in 
riding speed and supporting H1. Several studies have indicated that attitude could significantly predict traffic-
rule-violation and speeding behaviors54,60. Riders with a positive attitude toward safety might more likely exhibit 
good intentions toward safe riding behavior10. Conversely, riders with a negative attitude toward safety might 
engage in unsafe riding. These findings align with previous findings that riders with positive attitudes toward 
speeding tend to exhibit high-speeding behaviors61Concurrently, riders to engage in risky-riding behaviors are 
more likely to do so when others agree to and accept their behaviors62.

Individuals who belong to reference groups with safe-riding behavior patterns are more likely to exhibit 
an increased intention to engage in safe-riding behaviors, resulting in decreased riding speed and supporting 
H2. This is consistent with the findings of previous studies, indicating that observing the safe-riding behaviors 
of other riders could significantly reduce the risky-riding intentions of a rider63. Regarding risky-riding 
behaviors, the attitudes and behaviors of others primarily account for riders’ traffic violations10It is plausible that 
individuals who believe that most people around them would accept certain behaviors are motivated and feel the 
social pressure to exhibit such behaviors. Conversely, those who believe that most people around them would 
not accept certain behaviors lack the motivation to conform to such behaviors, thus creating a self-regulatory 
mechanism that steers them away from those behaviors64. Furthermore, a comparison with previous similar 
studies in Southeast Asia suggests that subjective norms significantly influence intentions and can effectively 
predict traffic violation behaviors16,54,65,66. This observation may indicate that cultures with similar contexts tend 
to exhibit comparable driving behaviors, and such findings may reflect broader regional trends.

Perceived behavioral control influences the intention to engage in safe-riding behaviors, resulting in a 
decrease in the riding speed and supporting H3. This finding contradicts those of other studies that observed that 
individuals who perceived themselves as having control over low-risk behaviors are more confident in frequently 
overspeeding16. Additionally, if such individuals are influenced by situational facilitators for risk (e.g., driving 
on less congested roads, at night, alone, in a hurry, on roads with distant police checkpoints, or roads with fewer 
surveillance cameras), they tend to exhibit increased risky speeding behaviors54. Despite conflicting with the 
findings of the extant studies, our findings are supported by a notion that riders are less inclined to exhibit risky-
riding behaviors when they perceive that they can control low-risk behaviors and perceive a lack of resources or 
opportunities to engage in risky behavior64. Additionally, perceived behavioral control can also reflect broader 
regional trends, as previous studies in Southeast Asia have indicated that this factor is a significant predictor of 
behavior16,54,66,67.

3Es + Es factors
Education results in decreased riding-speed intentions, thus supporting H4. This finding is consistent with those 
of the extant studies that providing safety knowledge to riders can significantly reduce their risky behaviors and 
injury rates68 Specifically, providing knowledge through web-based instructions (WBI) can significantly reduce 
risky speed-related behaviors (braking and cornering) by up to 73.93%.69 Providing appropriate education can 
change riders’ attitudes toward speeding, helping them to prioritize safety and adhere more to speed limits.

Engineering increases riders’ intentions to engage in high riding speed, and this contradicts H5 as well as 
the findings of the extant studies that indicated that safe engineering designs play a role in reducing riding 

Variable Coefficient S.E. t–Stat p-Value

TPB Factor

Attitude →  Behavioral intentions 0.287 0.039 7.442 0.000

Subjective Norm →  Behavioral intentions 0.183 0.038 4.747 0.000

Perceived Behavioral Control →  Behavioral intentions −0.136 0.024 −5.618 0.000

3Es + Es Factor

Education →  Speed −0.145 0.007 −21.385 0.000

Engineering →  Speed 0.399 0.029 13.647 0.000

Enforcement →  Speed −0.165 0.006 −26.577 0.000

Emergency response →  Speed −0.162 0.006 −26.158 0.000

Behavioral intentions →  Speed −0.173 0.008 −22.311 0.000

Demography

Age2 →  Attitude 0.083 0.035 2.374 0.018

Status (Single) →  Attitude −0.055 0.025 −2.187 0.029

Income →  Behavioral intentions 0.094 0.024 3.836 0.000

Experience (< 5 Y) →  Behavioral intentions −0.065 0.023 −2.775 0.006

Accident_Y →  Emergency response 0.069 0.023 3.047 0.002

Accident _Firend_Y →  Subjective Norm 0.116 0.026 4.376 0.000

Ticket_Y →  Perceived Behavioral Control −0.054 0.025 −2.184 0.029

Table 3.  Parameter estimation for the structural model.
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speeds54,70. For instance, measures, such as road narrowing could reduce riding speeds by up to 35%,1along 
with the creation of dedicated lanes for motorcycles54, among other engineering interventions. The findings 
can be explained by a psychological phenomenon known as Risk Compensation71. This phenomenon suggests 
that drivers tend to adjust their behavior to offset perceived risks when roads appear to be safer. Drivers may 
feel more confident in their ability to handle higher speeds, leading to risk-taking behaviors such as driving at 
excessive speeds. Moreover, road designs that unintentionally encourage higher speeds (such as highways with 
wide lanes, dedicated acceleration lanes, smooth curves, and clear signage) might inadvertently promote higher 
overspeeding. Although these designs are aimed at mitigating the risk of high-speed traffic crashes, they can 
also induce the misperception of the danger of overspeeding among riders, thereby increasing their risky-riding 
behaviors.

Enforcement results in decreased riding speed, thus supporting H6. This finding aligns with those of 
several studies that revealed that law enforcement measures could significantly influence speed reduction 
among riders72,73. Specifically, the presence and enforcement of laws over time have been shown to modify 
rider behavior and can significantly increase spatial effectiveness74,75. Thus, law enforcement coupled with strict 
penalties for speeding can deter speeding behaviors. Moreover, the presence of visible law enforcement officers 
can effectively deter overspeeding.

Emergency Response decreases driving speeds, and this supports H7. This finding is consistent with those of 
previous studies that revealed how emergency-response systems facilitate speed reduction and increase overall 
road safety76,77. Prompt medical assistance and the application of traffic strategies in emergency responses, such 
as using speed-detection equipment78,79, monitoring high-risk areas80,81, and campaigns to raise awareness about 
the risks of speeding82, play significant roles in preventing overspeeding. Therefore, their roles are crucial to 
creating a safe driving environment that can reduce traffic crashes and mitigate the impact of unforeseen events.

Riders’ demographic factors
Riders aged 26–35 years exhibited increased attitudes toward safety. This finding is consistent with those of 
previous studies that found younger riders (under 26 years old) tended to exhibit more adventurous-riding 
attitudes resulting in risky behaviors resulting in lower injuries and fatalities compared with their older 
counterparts3. As riders aged 26–35 years are predominantly in the workforce to generate income, they might be 
significantly affected by crashes. This age group tends to prioritize safe riding and reduced risks51. Riders in this 
group prioritize safety to mitigate the impact of crashes on their lives.

Single riders exhibit decreased attitudes toward safety. This finding confirms previous findings, where 
unmarried riders tended to exceed the speed limits and engage in riskier behaviors compared with their married 
counterparts43,61. Married riders might feel more responsibility and consider their family members, and these 
might force them to prioritize safety and avoid risks on the road to protect their well-being and livelihood83.

Riders with monthly incomes of 20,001–30,000 baht exhibit increased intentions to engage in safe-riding 
behaviors. This aligns with the findings of the extant studies, indicating that riders with lower incomes (14,000–
19,000 baht or less) tend to use motorcycles more often84. This group often faces higher financial stress, thus 
displaying increased stress levels, and loss of attention while riding, and these might result in riskier riding 
behaviors. However, we confirmed that riders with moderate to high incomes exhibited increased intentions to 
engage in safe-riding behaviors. These individuals experience lower financial stress compared with those with 
lower incomes, and financial problems do not force them into stress-induced risky behaviors. This is further 
supported by an extant study revealing that riders with lower incomes often experience higher financial stress, 
which significantly influences their risky-riding behaviors85.

Riders with less than five years of riding experience tended to ride faster or have a higher intention to engage 
in risky behaviors compared with those with more years of experience. This finding is consistent with those of 
the extant studies, indicating that riders with less experience have fewer coping mechanisms for stress-induced 
risky behaviors and unexpected events85. These findings indicated that less experienced riders often exhibit a 
decreased intention to engage in safe-riding behaviors.

Riders with crash histories believed that efficient emergency response enhances safety. This new finding from 
this study indicated that riders who have directly encountered severe incidents might become more aware of 
the risks associated with their behaviors, and this would reduce risky-riding intentions86. Moreover, witnessing 
effective emergency responses to crashes might highlight the consequences of unsafe riding, thereby promoting 
safer riding behaviors.

Relatives and bystanders involved in crashes often believe that adopting safe-riding behaviors referenced by 
role models would increase safety. This finding is a discovery from this study. Perceiving crashes involving close 
individuals can exert intense emotional impacts related to pain or even the loss of loved ones. These perceptions 
can motivate riders to show respect or concern, especially toward supportive and exemplary riders. Such an 
environment might support their commitment to safer riding practices to avoid such losses. This finding is 
supported by those previously reported, indicating that riders would engage in certain behaviors if they perceived 
positive behaviors along with pressure and motivation from social environments to display such behaviors and if 
they believe that they can do so successfully64.

Riders who have received traffic tickets generally believe they need to reduce their risky-riding behaviors. 
This finding is supported by those previously reported, that speeding tickets are the most widely deployed tool 
for deterring overspeeding among riders87. Receiving citations can reduce riders’ overconfidence in their ability 
to control their risky behaviors, and receiving tickets serves as a stimulus for riders to reassess their riding 
behaviors and face the unnecessary expenses associated with traffic violations. This may lead them to become 
more mindful and attentive to safer riding behaviors.
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Conclusions
In this study, we combined the TPB and 3Es + Es frameworks analyzed by EFA to examine the factors influencing 
motorcycle riders’ speeding behaviors in Thailand’s industrial zones. We identified several crucial factors that 
can determine riders’ intentions to engage in speeding. Interestingly, we confirmed that Engineering factors 
significantly influenced speeding behaviors. Additionally, Attitude, Subjective Norm, and Perceived Behavioral 
Control emerged as crucial TPB factors that influence riders’ intentions to exhibit safer riding behaviors, resulting 
in reduced-speeding behaviors. However, to obtain deeper insights, we investigated latent factors based on the 
socio-demographic data of the riders. The significant influential factors included age, marital status, income, 
riding experience, crash history, and traffic tickets. Notably, the single riders exhibited reduced safety attitudes, 
and those with less than five years of riding experience tended to ride faster or displayed intentions to engage in 
less safe-riding behaviors. To maximize the benefits of the study, important policies and guidelines for managing 
and addressing risky-riding behaviors leading to overspeeding among motorcycle riders in industrial zones were 
proposed (Table 4).

Practical applications
Education and awareness
General promotion  promoting the organization of educational programs and training within the community, 
integrating content related to (1) continuous awareness of the risks and consequences of consistently exceeding 
the legal speed limits can significantly reduce speeding behaviors. (2) An awareness of the risks and consequenc-
es of exceeding the legal speed limits under adverse weather conditions (rain, fog, or heat) can significantly 
reduce speeding behavior. (3) An awareness of technologies, such as warning signs and speed limiters can help 
reduce speeding behaviors. (4) Promoting good riding role models and encouraging positive attitudes toward 
speed usage among peers can significantly reduce speeding behavior.
(5) Sharing experiences from individuals who have encountered unexpected events related to the direct and 
indirect impacts of crashes can significantly reduce speeding behaviors. These initiatives may focus on providing 
knowledge through online teaching, as WBI can significantly reduce speeding behavior by up to 73.93%.69

Targeted promotion  Promoting the organization of educational programs and training within specific groups 
of riders, including those under and over 26 and 35 years, respectively; single riders; riders with incomes of less 
than 20,001 baht, and riders with less than five years of experience is crucial. This process must incorporate con-
tent aimed at promoting attitudes and awareness regarding the risks and severe consequences of overspeeding. 
These groups are identified as having increased tendencies to exceed speed limits, thus making them the primary 
target for specialized safety-promotion efforts by safety organizations.

Engineering and infrastructural improvements  Promoting the design of safer roads by considering speed-re-
duction measures alongside the consequences of speeding is crucial. Furthermore, promoting the installation of 
speed-camera devices in high-risk areas is another strategy for reducing the likelihood of speeding by riders36. 
Regular maintenance and upkeep are also crucial to preventing errors in road infrastructure and reducing risky 
behaviors among riders on the roads.

Legislation and enforcement  promoting strict law enforcement via severe penalties that align with speeding 
offenses can significantly deter speeding behaviors. For instance, measures could include increasing penalties 
for repeat offenders by temporarily suspending their riding licenses and establishing speed enforcement check-
points in high-risk areas. Law enforcement must focus on the visible presence of officers where riders can see 
them, as this effectively deters overspeeding74.

Emergency response and post-crash care  Efforts to continuously enhance efficient emergency-response capa-
bilities are crucial, as such mechanisms play a role in preventing speeding and improving overall road safety. Ad-
ditionally, providing timely medical assistance and implementing strategies for post-crash emergency response 
are vital to effectively reducing casualties and property damages88. For instance, training emergency medical 
services (EMS) personnel in both basic and advanced life-saving skills is vital. Equipping medical vehicles with 
comprehensive tools and life-saving devices ensures that injured individuals receive prompt assistance. Addi-
tionally, the development of advanced back-end systems, such as a unified communication platform, allows all 
relevant personnel to communicate through a single channel. This system enhances rapid inter-agency collabo-
ration and improves decision-making accuracy in emergency situations. Moreover, the establishment of emer-
gency service stations in high-risk areas or locations frequently associated with speed-related accidents plays a 
crucial role in providing timely assistance to injured individuals. Such localized support bridges critical response 
gaps, ensuring that emergency medical systems operate efficiently. However, listening to feedback from those 
who have directly experienced unforeseen events regarding the operational practices of emergency responders 
is another strategy for enhancing and improving emergency-response capabilities. This feedback mechanism is 
key to elevating the effectiveness of the emergency-response capabilities of safety organizations.

(+) Indicates a high possibility of exhibiting safe behaviors.
(−) Indicates a high possibility of exhibiting risky behaviors.

S = Short-range plan refers to a plan with a duration of up to one year.
I = Intermediate-range plan refers to a plan with a duration of one to five years.
L = Long-range plan refers to a plan with a duration of five years or more.
Table 4 reveals the challenges of managing some policies and guidelines. These policies and guidelines may 

involve complex factors that are challenging in some areas owing to resource constraints or the lack of central 
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support, as well as factors that cannot be directly controlled owing to budget limitations. However, these policies 
and approaches can drive results if they rely on cooperation among multiple parties, including the government, 
the private sector, and the general public, to bring about beneficial changes. Additionally, planning for various 
timeframes and designating responsible departments helps in setting clearer goals and policies. Short-range 
planning helps address the current problems or challenges and facilitates rapid changes. Intermediate-range 
planning aids sustainable development and problem-solving at a broader level. Long-range planning supports 
the creation of a vision and the setting of directions to prepare for future changes. Planning across these different 
timeframes ensures that road-safety efforts are systematic and capable of effectively managing challenges. 
Additionally, the monitoring and evaluating the outcomes of the measures by collecting crash data before and 
after implementation, this data will be utilized to assess the results and refine policies and measures for future 
improvements.

Policy Variable Indicator Guidelines

 Planning Responsible 
departmentS I L

1) Education 
and Awareness 
(General 
promotion)

Education → Speed (+) Promoting community awareness regarding the risks and consequences 
of exceeding the legal speed limits.

1) Government 
Public Relations 
Department
2) Department of 
Land Transport
3) Department 
of Local 
Administration

Engineering → Speed (−) Promoting awareness about technologies, such as warning signs and 
speed limiters, can contribute to reducing overspeeding. ✔

Behavioral intentions → Speed (+) Promoting consistent encouragement for peers to not exceed the legal 
speed limits. ✔

Attitude → Behavioral intentions (+)
Promoting attitudes and awareness regarding the impacts of speeding 
can help prevent continuous traffic crashes involving pedestrians and 
animals.

Subjective Norm → Behavioral 
intentions (+) Promoting positive examples of responsible speed riding is key to 

fostering safer roads. ✔

Perceived Behavioral Control →
Behavioral intentions (−) Promoting awareness of the risks of speeding under adverse weather 

conditions (such as rain, fog, or heat)

AF_Y → Subjective Norm (+)
Promoting awareness of the consequences of crashes through the 
experiences of those who have encountered such unforeseen events can 
be a powerful strategy for educating the community.

✔

1) Education 
and Awareness 
(Targeted 
promotion)

AGE2 → Attitude (+)
Promoting a positive attitude toward the risks of exceeding the legal limit 
can be targeted at two specific groups: riders under and over ages 26 and 
35 years, respectively.

✔
1) Government 
Public Relations 
Department
2) Department of 
Land Transport
3) Department 
of Local 
Administration

STATUS1 (Single) → Attitude (−) Promoting a positive attitude toward the risks of exceeding the legal 
speed limit among single riders ✔

INCOME3 → Behavioral 
intentions (+)

Promoting awareness of the consequences of exceeding the legal speed 
limit among riders with an income of less than 20,001 baht can be 
beneficial.

✔

EXPERIENCE (< 5 Y) →
Behavioral intentions (−)

Promoting awareness of the consequences of exceeding the legal speed 
limit among riders with less than five years of riding experience can be 
effective.

✔

2) Engineering 
and 
Infrastructural 
Improvements

Engineering → Speed (−)

Designing roads with the consideration of reducing riding speeds and the 
impact of speed enforcement can be beneficial. ✔

1) Department of 
Highways
2) Department of 
Rural Roads

Installing speed-camera devices in high-risk areas can effectively deter 
speeding. ✔

1) Royal Thai Police
2) Department of 
Highways
3) Department of 
Rural Roads

Regular maintenance of infrastructure is key to ensuring road safety. ✔
1) Department of 
Highways
2) Department of 
Rural Roads

3) Legislation 
and 
Enforcement

Enforcement → Speed (+) Establishing speed enforcement checkpoints in high-risk areas ✔ 1) Royal Thai Police
2) Department of 
Highways
3) Department of 
Rural Roads

TICKET_Y → Perceived 
Behavioral Control (+) Temporarily suspending their riding licenses ✔

4) Emergency 
Response and 
Post-Crash 
Care

Emergency response → Speed (+)

Training emergency medical services (EMS) personnel 1) Ministry of 
Public Health of 
Thailand
2) National 
Institute for 
Emergency 
Medicine
3) Emergency 
Medical 
System of Local 
Administrative 
Organizations

Preparation for Emergency Medical Equipment ✔
The development of advanced back-end systems, such as a unified 
communication platform ✔

Establishing emergency service points in high-risk areas ✔

ACCIDENT_Y → Emergency 
response (+)

Promoting feedback on the conduct of officials from individuals who 
have experienced unexpected events. This serves as a pathway to 
enhancing the emergency-response capabilities of safety organizations.

✔

Table 4.  Appropriate policies and guidelines proposed based on the findings using the model
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Limitation of the study
This study has offered valuable and novel insights in many aspects. However, it was accompanied by several 
limitations arising from its focus on examining the speeding behavior of motorcycle riders in industrial zones 
characterized by heavy traffic and road designs primarily tailored to accommodate trucks and commuter vehicles, 
such as motorcycles. Additionally, the study centers on riders within industrial areas, who are predominantly 
working-age individuals. This demographic may exhibit driving behaviors and commuting patterns distinct 
from those of riders in other areas. As such, applying the recommendations and policy measures derived from 
this study to other areas or regions with differing environmental conditions should be approached with caution. 
Future research should broaden the scope to encompass a diverse range of areas, such as urban zones, rural 
regions, and commercial districts, to compare driving behaviors across varied contexts. Moreover, to effectively 
mitigate road crashes, future studies should aim to expand their scope by exploring secondary factors or other 
causes influencing risky behaviors among motorcycle riders. These factors may include road infrastructure, 
technological advancements, innovations, and law enforcement practices. A more comprehensive understanding 
of these elements would support the development of tailored policies for different contexts, enabling policymakers 
to identify and implement more effective strategies for reducing road crashes.

Data availability
The data presented in this study are available on request from the corresponding author.
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