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Abstract

:

This study was conducted in Malaysia, where motorcycle traffic accidents represent a high percentage of fatality among overall traffic accidents. Studies have shown that risk perception and positive outcome of risky riding behavior have a significant impact on a rider’s decision making. Therefore, this study is targeted at further understanding of Malaysian motorcyclists within the locality of their home country. A questionnaire survey was conducted to gather motorcycle rider’s information, together with their perception of the three factors mentioned above. A reliability test of the findings was analyzed using Cronbach’s Alpha, while a PCA analysis was conducted to determine the linear combinations that have maximum variance. Subsequently, a statistical model was constructed based on the latent variables’ relations, the relation between the latent variables and observed variables, and also the hypothesis model. The model confirms that the positive affect of the risky behavior has a significant positive relationship with motorcyclists’ risk behavior (estimate coefficient = 1.016). Findings in the model also show that older motorcyclists are less likely to take part in risky riding behavior while riding on the road, with an estimate coefficient of −0.037 and a negative relationship with positive affect (estimate coefficient = −0.032).
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1. Introduction


Traffic accidents are commonly perceived to be an important public health issue, as they are within the top eight leading causes of death worldwide [1]. Malaysia, like most other South East Asian countries, has a very high volume of motorcycles on the road, and consequently suffers from a high rate of motorcyclist fatality. Motorcyclists are the category of road user that has the highest priority, from a road safety perspective [2]. Unfortunately, studies show that the traffic fatality of motorcyclists are still very high in Malaysia, even though efforts have been taken to decrease the probability of accident occurrence [3]. Meanwhile, in most developed countries, road accidents involving motorcycles remain a recurring problem that has yet to be resolved.



A study conducted by Radin Umar et al. [4] found that driving a passenger car is 17 times safer than riding a motorcycle. This is mainly a result of the high number of vehicles on the road, which contributes to the high rate of accidents that involve motorcyclists. In Malaysia, motorcycles are one of the common modes of transportation that are frequently involved in road fatalities. More than 50% of road accidents involve motorcyclists [5]. The traffic safety of motorcyclists is currently an important and necessary concern for a large part of the community. Motorcyclists’ riding behavior is strongly affected by the riding characteristics, external environment, and vehicle interactions [6]. Thus, it is imperative to examine the factors surrounding motorcyclists’ riding behaviors. In a previous study conducted in Denpasar, the risky behaviors of motorcyclists were measured with reference to positive affect and risk perception by establishing the relationship among the three variables [7]. In the past, dual-process models have been implemented in order to assess risky health behavior such as smoking and consumption of alcohol [8], but this dual-process model has rarely been used in traffic-related studies.



The motorcycle is one of the highest-selling modes of transportation among road users in Malaysia. However, the majority of road accident fatalities include motorcyclists. Malaysia has the highest road fatality risk (per 100,000 population) among the ASEAN countries, and more than 50% of road accident fatalities involve motorcyclists [5]. According to a study by Zahid Sultan et al. [9], the most influential factor contributing to motorcycle crashes in Malaysia is the human behavior factor. Most previous studies have focused on traffic violations and motorcyclist characteristics, while the perspective of motorcyclists and their personal preferences with respect to risky riding behaviors have seldom been discussed.



To reduce the number of accidents involving motorcycles, an understanding of the local conditions in every region is crucial, due to differences in riding/driving culture (e.g., lane splitting), resulting in a reciprocal reaction to every incident occurring on public roads. Therefore, this study places emphasis on Malaysian motorcyclists’ general perception of self-reported performed risky behavior. Therefore, a better or full comprehension of motorcyclists’ risky behavior, positive affect, and their risk perception with respect to riding behavior is needed to provide a pathway for improvement in road safety. The objectives of this study are to determine the relationship between positive affect and risk perception of motorcyclists with respect to risky riding behavior, as well as the significance of the impact of each observed variable of risk perception and positive affect towards the behavior. A questionnaire survey was conducted to collect the data of the motorcyclists. Subsequently, the collected data was then analyzed by using Principal Component Analysis (PCA), with a further interpretation and prediction by developing a model using Structural Equation Modeling (SEM). In addition to the factors mentioned, age and experience are often factors that dictate a rider’s behavior and decision making on the road. A study conducted by McCartt et al. [10] also concluded that crash rates were more strongly related to age than to years of licensure. Therefore, it is crucial to include the age factor in the SEM model in order to understand the relationship or influence of risk perception and positive affect on the risky riding behavior of motorcyclists in Malaysia.




2. Study Methodology


In this section, the methodology employed for the study on motorcyclists’ risky behavior and their risk perception will be discussed. A hypothesis was created based on the preliminary study of the motorcyclists’ characteristics. The hypothesis was then tested. A simple questionnaire was constructed in order to collect the data. The questions were grouped into three sections to determine how frequently motorcyclists performed particular behaviors, how risky they thought the particular behaviors were, and how much they liked to do them. The basic demographic information and personal characteristics of the respondents were collected, such as age, gender, riding experience, type of motorcycles owned, and what distances they normally traveled per trip. Factor analysis was then used to analyze the data collected. A model was developed to assess the relationship among the variables based on SEM.



Figure 1 shows the flow of steps taken in this study. The factors of motorcyclists’ risky riding behavior were determined before the questionnaire survey was designed and conducted. Data collection was performed using face-to-face and online methods. The data collected were then analyzed using three methods, namely preliminary analysis, PCA, and causal relationship analysis via SEM.



A questionnaire survey is an important instrument for obtaining a variety of information on the properties of any particular aspect, behavior, beliefs, and reasons for action [11]. There are lots of studies that have discussed motorcyclists’ safety via questionnaires with the aim of determining the mental properties of motorcyclists that lead to risky riding behavior and road fatalities [12]. This survey targeted respondents that currently held a B (license for motorcycles exceeding 500 cc), B1 (license for motorcycles not exceeding 500 cc), or B2 (license for motorcycles not exceeding 250 cc) riding license. The questionnaire was a survey tool that assessed the motorcyclists on the frequency with which they engaged in specific risky behaviors while riding, as well as their perceptions and preferences with respect to that behavior. Additional questions were added to collect necessary information about the respondents, such as age, gender, riding experience, type of motorcycle, and how far they typically traveled per trip. Based on the literature review, a total of 21 questions were created for this questionnaire. The survey was divided into two segments, with the first segment being conducted to single out the risky behavior most frequently engaged in, together with elements of positive/negative outcome, including factors that induce and hinder that specific behavior.



For the second segment, a 5-point scale system was used for respondents to answer the questions in each section. This first section required respondents to rate the questions in terms of how frequently they engage in these 21 behaviors, ranging from 1 (Never) to 5 (Always). Meanwhile, in Section 2, the respondents were asked about how risky they thought each of these 21 behaviors was (1—Not Risky at All; 5—Extremely Risky). In Section 3, respondents were asked to rate the questions as to how much they enjoyed engaging in these 21 behaviors (1—Extremely Dislike; 5—Like it Very Much). In summary, all the questions were represented by a variable code to, as shown in Table 1.




3. Data Collection


For simplicity, each behavior measure is represented by a different variable code, such as X, Y, and Z, for easy categorization in the following sections. A total of 398 respondents from different states in Malaysia, such as Pulau Pinang, Johor, Kedah, Kelantan, Melaka, Negeri Sembilan, Pahang, Perak, Selangor, Sarawak, Terengganu, and Wilayah Persekutuan, participated in this survey between February and April 2019. All participants were informed about the purpose of the survey before asking for their permission and willingness to participate in the study. The samples were segregated into two different surveys, amounting to 194 samples collected in the initial survey and 204 samples in the second survey. The self-reporting method was chosen, as it is convenient for the respondents to answer with such a variety of risky behaviors [13].



The data collected were first analyzed by creating a simple direct percentage chart to give a simple insight into the results by showing the motorcyclists’ answers based on percentage. In this study, the self-reported risk perception, positive affect, and risky behavior were considered as the latent variables.



The reliability test was conducted by determining the Cronbach’s Alpha value prior to any other analysis in the study. To obtain the significance of each item’s factor loading, the results were then analyzed using PCA with the construction of causal modeling showing a simplified version of the complex relationship among the variables of the data. Lastly, a model was created via SEM to present the relationship between the latent variables in a straightforward manner.



Overall, three major analyses, namely, Reliability Test, PCA and SEM, were conducted in order to understand the relationship among the variables. The reliability test was conducted using Cronbach’s Alpha at first to test the reliability of the study. PCA was then used to determine the significance of the observed variables. Subsequently, SEM was constructed to determine the relationship among the variables.




4. Results and Discussion


The survey was divided into two segments, where the first survey was conducted to single out the risky behavior that was most frequently engage in, together with elements of positive/negative outcome, including factors that induce and hinder the specific behavior. On the other hand, a second survey was geared towards building an SEM model to find a causal relationship between the three latent variables, namely risky behavior, risk perception, and positive affect. A simple and direct preliminary study analysis was conducted to determine the perception and preference of the motorcyclists towards risky riding behavior, as well as the frequency with which a particular behavior was performed. Subsequently, PCA and reliability tests were conducted in order to know the significance of each observed variable and also the reliability of the survey itself. The significant factors were sorted out based on the factor loading of the observed items, and also the percentage of variance explained by them.



Moreover, statistical path modeling was carried out to present and identify the estimates and the causal relationship among the three latent variables. An estimate of values was obtained from the SEM model, where the relationships among the observed variables and latent variables were identified.



4.1. Descriptive Statistics


Findings from the preliminary survey of 194 participants showed that males represented 75% of the sample, while females represented 25% of the sample. The initial survey data also revealed that 117 of the participants were students aged between 16 and 18 years old, while the remaining 77 participants represented riders who were working adults with ages ranging from 19 to 59 years old. The data show that most of the participants did not have more than three years of riding experience, which is in accordance with the age majority of the data sample. However, in Malaysia, the years of experience may not be in line with the number years for which a rider has possessed a license, because it is commonly known that underage teenagers have access to motorcycles even before obtaining an official license from the authorities.



In line with what is commonly seen in Malaysia, the most popular motorcycle engine displacement was within the range of 100–250 cc, which was used by 62% of the participants, followed by motorcycles with engines of less than 100 cc, accounting for 32% of the participants. Of the 194 participants, the most frequently committed risky behavior was exceeding the speed limit, with 36 participants, followed by frequently changing lanes to overtake vehicles, with 30 participants, as illustrated in Figure 2.



From the perspective of the participants, the positive outcome from performing the risky behavior was mainly time-saving, accounting for 54.11% of the participants. Subsequently, having a smoother ride and maintaining speed came in as the second most popular, at 19.48% of the participants. At the other end of the spectrum, compromising the safety of riders topped the chart on the perspective of negative outcome, at 19.75%, closely followed by being issued traffic summons at 18.18%. The results show that the civic-mindedness of riders in Malaysia is respectably high, because 15.05% of the riders did mind if their riding behavior offended other road users. As anticipated, most of the participants chose their parents as the primary source of positive influence decreasing their commitment to risky behaviors, amounting to 33.78% of the participants. At the other end of the scale, the main participants’ negative influence was generated by other road users, at 50.96%, closely followed by friends, at 46.63%. As for factors that induce risky behavior, road conditions (crowded, chaotic) were the main reason inducing participants to engage in risky behavior, which was chosen by 13.37% of the participants. Tiredness and mood were the second and third factors inducing risky behaviors, and were recorded at 12.5% and 11.05%, respectively. It is a bit of a mixed bag in terms of factors hindering risky behavior. Without a clear indication of what are the main factors that hinder risky behaviors are, the findings still show that law enforcement/police is still the top factor, with a percentage of 20.33%. The element with the second most votes was seeing news reports of traffic accidents, which amounted to 15.66%.



The results reveal that 125 participants did not frequently perform round trips, whereas 50 participants regularly performed a single round trip. In terms of trip purposes, 45.19% of the participants stated that traveling to classes was their main travel purpose, followed by leisure at 25.19%. A total of 162 participants performed short-distance trips, while 28 participants performed medium-distance trips, with only the remaining 4 performing long-distance trips daily.



For the second survey, the data shows that all respondents were aged between 17 and 63 years old. In total, 71.1% of respondents were male, and 28.9% were female. Most of the respondents were from the age group of 21–25 years old. For females, 83.1% of female respondents were from this age group, whereas 73.1% of male respondents were within the age group of 21 to 25 years old. The mean and standard deviation of the age of the respondents was 23.54 years old and 4.02 years old, respectively. Additionally, the mean riding experience (i.e., the number of years for which the rider had possessed a motorcycle license) of the respondents was 6.20 years. The majority of the respondents had 5 or 6 years of riding experience, representing 20% and 15% of total respondents, respectively. Most of the respondents were using motorcycles with 100 cc–250 cc engines (68%). Motorcycles with engines less than 100 cc and 250 cc–500 cc represented 26% and 12% of total respondents, respectively. The results show that only 0.005% of respondents rode motorcycles with engine displacements of 750 cc–1000 cc.



The findings reveal that (X11) and (X13) showed low engagement for participants in the first survey. In contrast, the second survey showed a high number of engagements for both (X11) and (X13). However, both the surveys revealed that the participants did not commonly engage in the behaviors (X16) to (X21). Due to this finding, the behaviors (X16) to (X21) were excluded from the subsequent analysis. From Figure 3a, it can be seen that most of the motorcyclists perceived that riding without switching on the headlights during daytime (Y15) was the least risky behavior among the behaviors listed. The majority of motorcyclists thought that drinking alcohol before riding a motorcycle (Y6) was extremely risky behavior that could cause severe traffic accidents. As shown in Figure 3b, most of the motorcyclists favored the risky behavior of frequently changing lane to overtake the vehicles in front (Z1). This behavior is common in Malaysia, and this is most probably due to the high volume of vehicles on the road and the lack of motorcycle lanes in Malaysia. On the other hand, most of the motorcyclists detest the behavior of drinking alcohol before riding motorcycles (Z6). The mean of self-reported risky riding behavior is shown in Figure 3c. From Figure 3c, it can be seen that taking alcohol before riding (X6) was considered to be the least favorable riding behavior among the motorcyclist. The results also reveal that most of the motorcyclists frequently rode during peak hours (X9).



Table 2 tabulates the mean and standard deviation of each of the 15 self-reported observed variables that were answered by the respondents. The mean value indicates the average rating of each of the observed variables, whereas the standard deviation of each of the observed variables shows how much each observed variable differed from the mean value with respect to the latent variables. Table 2 also provides a brief comparison between each of the studied factors. It can be observed that the most favorable risky behavior (Z1) was the second most frequently engaged-in risky behavior (X1), while also having the fourth lowest mean value in terms of risk perception (Y1). In terms of the most frequently engaged-in risky behavior, (X9) was the most frequently engaged-in risky behavior, with the second-lowest mean value in risk perception shown in (Y9). The findings also indicate that riding during peak hour was the second most preferred risky behavior, as shown in (Z9). At the other end of the spectrum, the least favorable (Z6) and and least frequently engaged-in behavior (X6) was taking alcohol before riding. This behavior had the highest mean value of risk perception, as indicated in (Y6). A contributing factor to this trend could be faith and religion, which forbid riders from consuming alcohol. As the majority of Malaysians are of Muslim faith, mostly determined by race, the forbidding of alcohol during daily life is a value that has been nurtured since childhood. In summary, these findings reveal that riders most frequently perform the two behaviors (X1) and (X9) due to their high mean values of positive affect, together with their low mean values of risk perception. These findings support the results indicating a higher engagement rate, as tabulated in X1 and Z1.




4.2. Reliability Test


In statistics and psychometrics, reliability is commonly used as a measure to determine the overall consistency. Reliability is the consistency of the results when the experiment is replicated under the same conditions. A reliability test was conducted in this study to ensure that the reliability of the study was good enough. Study results must be reliable, otherwise the research questions will not meet the aims of the study, which in turn will fail to be generalizable, making the findings useless. Generally, the coefficients of reliability would be in the range of 0 to 1, where “0” means too many errors, and “1” indicates no error. This value indicates the amount of error in the study results [14]. Cronbach’s Alpha was used to conduct the reliability analysis in this study. In assessing a unidirectional latent construct, Cronbach’s Alpha plays a role as a measurement scale of reliability, quantifying the goodness of items or variables [15]. Alpha values higher than 0.8 indicate that the items in a study or test are high in internal consistency [16]. A Cronbach’s Alpha coefficient of 0.7 is generally considered to be the minimum acceptable value.



Table 3 shows that the values of Cronbach’s Alpha obtained for the three latent variables—risky behavior, risk perception, and positive affect—were 0.833, 0.945, and 0.889, respectively. These values indicate that the three variables have a level of internal consistency, which shows that the study is reliable.




4.3. Principal Component Analysis (PCA)


To differentiate between the correlated and uncorrelated linear combinations of the covariates and avoid multicollinearity, Principal Component Analysis (PCA) was chosen to analyze the significance of the self-reported perception and preference towards the particular questions in this study. PCA is usually used to verify that the linear combinations have maximum variance. At the same time, the results obtained from the PCA are generally discussed and presented in terms of factor scores and loadings. The factor scores or component scores are the transformed variable values correlated with a particular data point. Meanwhile, loadings indicate the weight by which every standardized original variable should be multiplied in order to obtain the component scores [17]. In this study, PCA was performed under the condition by which the Eigenvalue was more than 1. Several factors in an analysis of a particular variable can be usefully determined by Eigenvalue [18]. Other than that, reliability values higher than 0.7, 20% or higher variance explained, and rotation was implemented in the PCA to obtain factor loading, as these are also important conditions that need to be met in order to carry out PCA [19]. Factor analysis is a technique that is used to reduce a large number of variables to a smaller number of factors. This technique extracts the maximum common variance from all variables and assigns them a common score. As an index of all variables, this score can be used for further analysis.



Additionally, items that have factor loadings lower than 0.5 were considered to be insignificant. Results from the initial analysis indicate the insignificant items to be X2, X6, X7, X13, Y10, Y13, Z5, and Z15. Moreover, 15 of the observed variables were categorized into a group comprising variables where the variance explained was less than 20%. Observations that explained less than 20% of variance were also considered to be insignificant. These 15 observed variables were X5, X9, X10, X11, X12, X15, Y9, Y15, Z1, Z2, Z3, Z4, Z8, Z9, and Z10. Table 4 shows a summary of the factor loadings of the variables, percentage of variance, and the Cronbach’s Alpha of each latent variable. The results obtained indicate that motorcyclists in Malaysia are significantly connected with the risky behaviors, namely “Frequently changing lanes to overtake (X1)”, “Exceeding speed limit even feeling unsafe (X3)”, “Riding fast on curve (X4)”, “Racing with other vehicles (X8)” and “Using phone while riding (X14)”, with factor loadings of 0.580, 0.653, 0.669, 0.651 and 0.556, respectively. This is compatible with a previous study that stated that the manner or behavior of motorcyclists is one of the issues that lead to vehicle crashes [20].



Motorcyclists are also associated with their perceptions on risky riding behaviors, consisting of variables Y1, Y2, Y3, Y4, Y5, Y6, Y7, Y8, Y11, Y12, and Y14, with loading factors of 0.577, 0.790, 0.829, 0.864, 0.869, 0.900, 0.744, 0.884, 0.738, 0.832 and 0.832, respectively. This shows that the risk perception of motorcyclists in Malaysia significantly affects their riding behavior. Specifically, risk perception affects one’s risky behavior and whether one takes protective action to ensure safety [21]. The question “How risky do you think taking alcohol before riding is (Y6)” had the highest factor loading among the risk perception statements. Moreover, motorcyclists are also related to their preferences with respect to riding behavior, such as “Taking alcohol before riding (Z6)”, “Run a red light (Z7)”, “Overtaking/turning without using signal lights (Z11)”, “Riding without wearing crash helmet (Z12)”, “Crossing a stop-junction without fully stopping (Z13)” and “Using phone while riding (Z14)”. The factor loadings were 0.574, 0.509, 0.698, 0.781 and 0.693, respectively. The sensation-seeking behavior of motorcyclists negatively affects riding behavior [22]. These results are consistent with previous studies that have also stated that emotions are closely related to risky riding behavior [7,23,24].




4.4. Structural Equation Modeling (SEM)


Model estimation and causal relationship analysis were conducted with the collected data. Subsequently, a statistical model was constructed based on the latent variables’ relations, the relations between the latent variables and the observed variables, and the hypothesis model. Figure 4 shows the entire relationship among the latent variables and the observed variables in this study, which consist of risk perception (RP), positive affect (PA), risky behavior (RB), and personal characteristics (PC) such as age (AGE) and riding experience (EX).



Hence, a hypothesis model was initially used to investigate the relationship among the latent measures shown in Figure 4 as follows:



Hypothesis 1 (H1).

Risk perception has a negative influence on risky behavior.





Hypothesis 2 (H2).

Positive affect has a positive influence on risky behavior.





Hypothesis 3 (H3).

Positive affect is expected to have a greater influence on risky riding behavior than risk perception.





To present the model estimation and causal relationship analysis, a statistical model was constructed based on the latent variables’ relations, the relations between the latent variables and the observed variables, and the hypothesis model. The statistical software IBM SPSS AMOS (Statistical Package for the Social Sciences—AMOS) was used to test the hypotheses based on the complex variable relationships, and to construct a model to present the causal relationships among the variables. The relationships among the measures included three components, as the risk perception and positive affect of motorcyclists are the measures of factors for their risky behavior. In accordance with the completed Principal Component Analysis (PCA), reliability test, and the hypothesis models, the relationships among the three components—risk perception (RP), positive affect (PA) and risky behavior (RB)—and personal characteristics (PC)—which include (AGE) and riding experience (EX)—can be drawn as shown in Figure 5.



The results obtained from SEM indicate an influential path model from two latent variables—motorcyclists’ perception and positive affect—to the other latent variable, risky behavior. The latent variable of risk perception is determined by 11 observed variables. These included Y1 (Frequently changing lane to overtake the vehicle in front.), Y2 (Speeding up and suddenly braking), Y3 (Exceeding speed limit even feeling unsafe), Y4 (Riding fast on the curve), Y5 (Continue riding although feeling sleepy), Y6 (Taking alcohol before riding), Y7 (Run a red light), Y8 (Racing with other vehicles), Y11 (Overtaking/turning without using signal lights), Y12 (Riding without wearing crash helmet), and Y14 (Using mobile phone while riding). Moreover, six observed variables were also determined on latent variable positive affect. The six observed variables consist of Z6 (Taking alcohol before riding), Z7 (Run a red light), Z11 (Overtaking/turning without using signal lights), Z12 (Riding without wearing crash helmet), Z13 (Crossing a stop-junction without fully stopping) and Z14 (Using mobile phone while riding).



The validity criteria from studies conducted by Schermelleh-Engel and Moosbrugger [25] and Lai [26] were used in this study to obtain the goodness of fit of the constructed model. Consequently, indicators such as Normed Fit Index (NFI) and Comparative Fit Index (CFI) values were lower than the cut-off point. However, values such as χ2/df (chi-squared/degree of freedom), Root Mean Square Error of Approximation (RMSEA) and Parsimony-adjusted NFI (PNFI) were statistically acceptable. Table 5 shows the details of the goodness of fit of the constructed model.



Table 6 shows the standardized estimate coefficient of the path analysis model, which indicates the relationship of the observed variables with the latent variables. The model constructed is based on the age, which consists of younger (under 23 years old) and older (more than or equal to 23 years old) communities of motorcyclists. Moreover, the model is constructed based on a variety of respondents’ characteristics, such as male and female motorcyclists, different riding experiences, etc. However, the model results were not significant. This is most probably due to the insufficient sample size for each of the age groups and genders. Thus, if there were to be further studies upon this, the sample size is expected to have an effect on the modeling, mainly with respect to age group and gender.



This study also took the age and riding experience of motorcyclists into consideration for the path analysis. Based on Table 6, it can be seen that the age of the motorcyclists had a negative relationship with risky behavior (estimate = −0.037). This indicates that young motorcyclists more frequently perform risky riding behavior while riding on the road. The findings also show that riding experience has a positive relationship with motorcyclists’ risk perception, with an estimate score of 0.012. This indicates that motorcyclists who have possessed their motorcycle license for longer periods of time are more likely to perceive the behavior as risky and less likely to perform those risky riding behaviors.



Positive affect (estimate = 1.016) was found to have a more significant influence than risk perception on risky behavior. This shows that intuitive processes are a major factor for motorcyclists in Malaysia, rather than rational processes, when they are riding on the road. In a previous study, it was concluded that positive emotions and pleasure in riding (positive affect) strongly affected the risk behavior of riders [19]. Therefore, this study suggests that the positive affect should be thoroughly addressed in a future study with the expectation of figuring out some suggestions for minimizing motorcyclists’ risky riding behavior. These behaviors include taking alcohol before riding, running red lights, overtaking/turning without using signal lights, riding without wearing a crash helmet, crossing stop-junctions without fully stopping, and using phones while riding. The strongest measure of positive affect was crossing a stop-junction without fully stopping, with an estimate value of 0.719. Surprisingly, less than 10% of motorcyclists thought that this was not risky at all. In fact, 5% of motorcyclists enjoy it very much, and around 10% of motorcyclists often or always do it.



Additionally, the relationship path between risk perception and risky behavior was found to be weakly positive (estimated value = 0.036). This risk perception construct consists of 11 components, namely “frequently changing lane to overtake the vehicle in front”, “speeding up and suddenly braking”, “exceeding speed limit even feeling unsafe”, “riding fast on the curve”, “continue riding although feeling sleepy”, “taking alcohol before riding”, “run a red light”, “racing with other vehicles”, “overtaking/turning without using signal lights”, and “riding without wearing crash helmet and using phone while riding”. In a nutshell, these 11 risk perception measures were weakly directly related to riding behavior of motorcyclists. The highest positively influencing measure on risky riding behavior was “Taking Alcohol Before Riding (Y6)”, with a loading factor of 1.112. This is statistically known to be the riskiest riding behavior. Not only that, more than 60% of motorcyclists thought that it was extremely risky, and most of the motorcyclists (around 95% of them) never or rarely done it while riding on the road.



Findings show that positive affect was one of the primary influences of the risky behavior intention of the motorcyclists [5]. This finding indicates that positive affect has a significant influence on a rider’s tendency to engage in risky behavior on the road [27]. This shows that motorcyclists in Malaysia are more inclined to take part in a given dangerous behavior when riding on the roads as a result of positive outcomes resulting from engaging in the risky behavior. In the previous study by Zamani-Alavijeh et al. [24], it was also found that positive affect or personal preference was significantly associated with the intentions to against the traffic rules.



For the most significant measure for risky behavior, “frequently changing lane to overtake the vehicle in front”, with an estimate coefficient value of 0.456, can be described as positively enjoyed and slightly positive perceived by motorcyclists. More than 90% of motorcyclists do this while riding on the road, while less than 5% of motorcyclists perceived it to be extremely risky, and less than 30% of motorcyclists extremely disliked it. Motorcyclists may experience serious injury or have minor crashes with other vehicles on the road as a result of the unstable and unpredictable movement of the vehicle, which increases the probability of accidents. This also indicates that frequently changing lanes to overtake the vehicle in front of the motorcyclist can be attributed to both rational and intuitive processes of motorcyclists’ decision making while riding.



Anonymous surveys that have in-depth and detailed information can be conducted by using a self-reporting technique [14]. Anonymous self-reported surveys provide participants with the opportunity to relate their past involvement in events that were against the traffic rules and regulations. Therefore, in this study, the use of self-reported perceptions, behavior, and positive affect of the motorcyclists while riding on the road is applicable.



Based on the results obtained, increasing awareness of traffic rules and traffic safety could improve the practice of road safety, and this could be provided in schools and universities, households, and workplaces. This mainly involves the civilized values of society [28]. Educational awareness initiatives could reduce the engagement of motorcyclists’ personal riding behavior, such as frequently changing lane to overtake the vehicle in front (estimate value = 0.456), exceeding speed limit even feeling unsafe (estimate value = 0.434), and riding fast on curve (estimate value = 0.406).



Enforcement of traffic rules and regulations is suggested to complement the educational initiatives in order to effectively reduce the number of traffic violations [27]. Thus, this could effectively counter the significant risky riding behavior of the motorcyclists, such as racing with other vehicles (estimate value = 0.347) and using phones while riding (estimate value = 0.297).



Concurrently, findings from this study also show that age and experience are of little significance for any of the three latent variables—risk perception, risky affect, and risky behavior. This finding may be distorted by the age of the majority of the sample, with most respondents being between the ages of 21 and 25. Therefore, in a future study, a higher percentage of riders with higher age and experience should be included to obtain more consistent findings.





5. Conclusions


The relationships among the three latent variables, namely risk perception, positive affect, and risky behavior, were studied. This study found that the latent variables risk perceptions and positive affect had an impact on risky riding behavior. Comparing the three latent variables, risk perception had a weak positive influence on risky riding behavior. It was expected that risk perception would have a negative relation with risky behavior, but based on the results obtained from SEM, the estimated value obtained was positive. This is probably due to the limited sample size, which could have led to inaccuracy in the results.



On the other hand, this study showed there is a significant relationship between risky behavior and positive affect resulting from risky behavior in the region of Malaysia, in particular. Therefore, this study reveals that engagement of Malaysian riders in risky behaviors is mostly affected by the positive emotions resulting from the positive outcomes of the behavior. An example from the results depicting this scenario is that motorcyclists consistently cross stop junctions without fully stopping, although this is risky. This finding provides a possible direction for policymakers to pursue in order to reduce the number of accidents involving motorcyclists by addressing the high degree of positive affect experienced by Malaysian riders.



However, from the findings obtained, risk perception shows a low positive relationship with the risky riding behavior (estimate coefficient = 0.036), which does not really fit the initial expectation. This may be due to the unsatisfactory number of samples collected, which could lead to inaccuracy in the findings.



In fact, not all of the observed variables were considered significant after undergoing PCA. Observed variables that obtained factor loadings lower than 0.5 and also explained less than 20% of the variance of the items were considered to be insignificant.



Nevertheless, a model of estimations and a causal relationship analysis were conducted by constructing a statistical model. SEM was used for the analysis. Based on the model, the relationships among the latent variables risk perception, positive affect, and risky riding behavior were clearly shown. The age and riding experience (i.e., the number of years for which motorcyclists had possessed a riding license) of the motorcyclists were addressed in the model.



Based on the results obtained, the age of the motorcyclists significantly affected their risky behavior, with an estimate coefficient of −0.037. This shows that elderly motorcyclists seldom perform risky riding behavior while riding on the road. Additionally, riding experience had a positive relationship with motorcyclists’ risk perception (estimate coefficient = 0.012) and a negative relationship with positive affect (estimate coefficient = −0.032). This shows that motorcyclists that have only recently obtained their motorcycle license tend to think that the behaviors in question have lower risk and are more likely to engage in a the particular risky riding behavior.



The following suggestions and recommendations are put forward to improve the further study of related research on risky riding behavior with respect to motorcyclists’ personal preferences and risk perception:




	
Larger sample size is required to ensure the accuracy of the results obtained. The greater the amount of data obtained, the more accurate the analysis process will be.



	
The gender of the respondents should be controlled so that both genders of respondents have a balanced number.



	
As the results indicate that risk perception has a low positive relationship with risky riding behavior (estimate coefficient = 0.036), which was not expected, this study could be further improved through the collection of an increased number of samples, which should provide a more consistent finding.



	
Further investigations to improve the findings can be done by developing an SEM model which includes the riders’ perspectives of positive or negative outcomes along with the factors that induce or hinder this.
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Figure 1. Flowchart of study methodology. 
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Figure 2. Self-report of most frequently engaged-in risky behavior. 
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Figure 3. Self-report results (mean value) (a) risk perception; (b) positive affect; (c) risky behavior. 
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Figure 4. Relationship model of the study. 
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Figure 5. Relationship of latent variables components in Structural Equation Modeling (SEM). 
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Table 1. Behavior measures and variable codes.






Table 1. Behavior measures and variable codes.





	
No.

	
Behavior Measures

	
Variable Code




	
Risky Behavior

	
Risk Perception

	
Positive Affect






	
1

	
Frequently changing lane to overtake the vehicle in front.

	
X1

	
Y1

	
Z1




	
2

	
Speeding up and suddenly braking.

	
X2

	
Y2

	
Z2




	
3

	
Exceeding speed limit even when feeling unsafe.

	
X3

	
Y3

	
Z3




	
4

	
Riding fast on the curve.

	
X4

	
Y4

	
Z4




	
5

	
Continue riding although feeling sleepy.

	
X5

	
Y5

	
Z5




	
6

	
Taking alcohol before riding.

	
X6

	
Y6

	
Z6




	
7

	
Run a red light.

	
X7

	
Y7

	
Z7




	
8

	
Racing with other vehicles.

	
X8

	
Y8

	
Z8




	
9

	
Riding during peak hour.

	
X9

	
Y9

	
Z9




	
10

	
Fail to keep a proper distance with other vehicles.

	
X10

	
Y10

	
Z10




	
11

	
Overtaking/turning without using signal lights.

	
X11

	
Y11

	
Z11




	
12

	
Riding without wearing crash helmet.

	
X12

	
Y12

	
Z12




	
13

	
Crossing a stop-junction without fully stopping.

	
X13

	
Y13

	
Z13




	
14

	
Using mobile phone while riding.

	
X14

	
Y14

	
Z14




	
15

	
Not switching on the headlights during daytime.

	
X15

	
Y15

	
Z15




	
16

	
Riding on the motorcycle prohibited lane (fast lane).

	
X16

	
Y16

	
Z16




	
17

	
Riding or performing a turn that is not according to right-of-way rules in order to save time.

	
X17

	
Y17

	
Z17




	
18

	
Not yielding to busses that are signaling to change lane.

	
X18

	
Y18

	
Y18




	
19

	
Not yielding to other vehicles as required by the right-of-way rules.

	
X19

	
Y19

	
Y19




	
20

	
Riding on the pedestrian walkway.

	
X20

	
Y20

	
Z20




	
21

	
Riding on the opposite/wrong side of the road.

	
X21

	
Y21

	
Z21
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Table 2. Mean and standard deviation (S.D.) of each observed variable.
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Risky Behavior

	
Risk Perception

	
Positive Affect




	
Mean

	
S.D.

	
Mean

	
S.D.

	
Mean

	
S.D.






	
Frequently changing lane to overtake the vehicle in front.

	
2.941

	
1.214

	
3.618

	
1.136

	
2.642

	
1.238




	
Speeding up and suddenly braking.

	
2.142

	
0.928

	
3.936

	
1.166

	
1.941

	
1.035




	
Exceeding speed limit even feeling unsafe.

	
2.074

	
1.131

	
3.873

	
1.241

	
2.069

	
1.134




	
Riding fast on the curve.

	
1.995

	
0.97

	
4.059

	
1.202

	
2.069

	
1.181




	
Continue riding although feeling sleepy.

	
2.049

	
1.122

	
4.019

	
1.267

	
1.706

	
0.826




	
Taking alcohol before riding.

	
1.211

	
0.587

	
4.201

	
1.314

	
1.348

	
0.75




	
Run a red light.

	
2.020

	
1.096

	
3.897

	
1.253

	
1.921

	
1.024




	
Racing with other vehicles.

	
1.500

	
0.874

	
4.054

	
1.245

	
1.735

	
1.036




	
Riding during peak hour.

	
3.216

	
1.245

	
3.015

	
1.129

	
2.265

	
1.14




	
Fail to keep a proper distance with other vehicles.

	
2.206

	
1.016

	
3.603

	
1.151

	
2.01

	
0.915




	
Overtaking/turning without using signal lights.

	
1.887

	
0.968

	
3.775

	
1.207

	
1.814

	
0.965




	
Riding without wearing crash helmet.

	
1.608

	
0.933

	
4.123

	
1.236

	
1.73

	
1.046




	
Crossing a stop-junction without fully stopping.

	
2.191

	
1.109

	
3.632

	
1.156

	
2.138

	
1.128




	
Using mobile phone while riding.

	
1.549

	
0.872

	
4.088

	
1.233

	
1.721

	
1.029




	
Not switching on the headlights during daytime.

	
1.931

	
1.345

	
2.936

	
1.368

	
2.240

	
1.230
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Table 3. Reliability test (Cronbach’s Alpha) of the self-reported variables.
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	Latent Variables
	Cronbach’s Alpha





	Risky Behaviors (X)
	0.833



	Risk Perception (Y)
	0.945



	Positive Affect (Z)
	0.889
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Table 4. Variables and reliability analysis of latent and observed variables.
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Latent Variable

	
Observed Variable

	
Variable Code

	
Loading Factor

	
Variance Explained

	
Cronbach’s Alpha






	
Risk Perception

	
Frequently changing lane to overtake the vehicle in front.

	
Y1

	
0.577

	
60.13%

	
0.945




	
Speeding up and suddenly braking.

	
Y2

	




	
Exceeding speed limit even feeling unsafe.

	
Y3

	
0.79




	
Riding fast on the curve.

	
Y4

	




	
Continue riding although feeling sleepy.

	
Y5

	
0.829




	
Taking alcohol before riding.

	
Y6

	




	
Run a red light.

	
Y7

	
0.864




	
Racing with other vehicles.

	
Y8

	




	
Overtaking/turning without using signal lights.

	
Y11

	
0.869




	
Riding without wearing crash helmet.

	
Y12

	




	
Using mobile phone while riding.

	
Y14

	
0.900




	
Positive Affect

	
Taking alcohol before riding.

	
Z6

	
0.574

	
41.40%

	
0.889




	
Run a red light.

	
Z7

	
0.509




	
Overtaking/turning without using signal lights.

	
Z11

	
0.698




	
Riding without wearing crash helmet.

	
Z12

	
0.781




	
Crossing a stop-junction without fully stopping.

	
Z13

	
0.693




	
Using mobile phone while riding.

	
Z14

	
0.654




	
Risky Behavior

	
Frequently changing lane to overtake the vehicle in front.

	
X1

	
0.580

	
31.49%

	
0.833




	
Exceeding speed limit even feeling unsafe.

	
X3

	
0.653




	
Riding fast on the curve.

	
X4

	
0.669




	
Racing with other vehicles.

	
X8

	
0.651




	
Using mobile phone while riding.

	
X14

	
0.556
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Table 5. Goodness-of-fit measures of the developed model.
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Measures of Fit

	
Developed Model

	
Acceptable Fit Values






	
Model Chi-squared

	
χ2

	
941.2

	
-




	
Degrees of Freedom

	
df

	
229

	
-




	
Probability Value

	
p-value

	
0

	
<0.05




	
Model Chi-squared/Degrees of Freedom

	
χ2/df

	
4.11

	
<5




	
Root Mean Square Error of Approximation

	
RMSEA

	
0.074

	
<0.08




	
Normed Fit Index

	
NFI

	
0.595

	
0 < NFI < 1, closer to 1 is better




	
Comparative Fit Index

	
CFI

	
0.646

	
0 < CFI < 1, closer to 1 is better




	
Goodness of Fit Index

	
GFI

	
0.926

	
0.90 ≤ GFI ≤ 0.95




	
Adjusted Goodness of Fit Index

	
AGFI

	
0.852

	
0.85 ≤ GFI ≤ 0.90




	
Parsimony-adjusted NFI

	
PNFI

	
0.590

	
>0.5
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Table 6. Standardized coefficient weight of the developed model.
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	Path
	Estimate
	p-Values





	Risky Behavior ← Age
	−0.037
	0.754



	Risk Perception ← Riding Experience
	0.012
	0.871



	Positive Affect ← Riding Experience
	−0.032
	0.709



	Risky Behavior ← Risk perception
	0.035
	0.767



	Risky Behavior ← Positive Affect
	1.016
	***



	Y1 ← Risk perception
	0.728
	***



	Y2 ← Risk perception
	0.893
	***



	Y3 ← Risk perception
	1.009
	***



	Y4 ← Risk perception
	1.000
	***



	Y5 ← Risk perception
	1.062
	***



	Y6 ← Risk perception
	1.111
	***



	Y7 ← Risk perception
	0.978
	***



	Y8 ← Risk perception
	1.023
	***



	Y11 ← Risk perception
	0.921
	***



	Y12 ← Risk perception
	0.984
	***



	Y14 ← Risk perception
	0.990
	***



	Z6 ← Positive Affect
	0.347
	***



	Z7 ← Positive Affect
	0.581
	***



	Z11 ← Positive Affect
	0.629
	***



	Z12 ← Positive Affect
	0.620
	***



	Z13 ← Positive Affect
	0.715
	***



	Z14 ← Positive Affect
	0.625
	***



	X1 ← Risky Behavior
	0.456
	***



	X3 ← Risky Behavior
	0.434
	***



	X4 ← Risky Behavior
	0.406
	***



	X8 ← Risky Behavior
	0.347
	***



	X14 ← Risky Behavior
	0.297
	***







*** p-values < 0.01.














© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






media/file4.png
Risky Behaviour

X3 T e
X1

X7 D
XO DA
X8 T4
X5 I, 12

X15 I 9

X4 o 8

X1o T8

X12 | 7

X4 I 7
X116

X6 s

X2 .5

X18 I 3

X17 I 3

X19 I 2

X16 N 2

X13 I 2

X21 1

X20 T1

o 5 10 15 20

1 Engaged Risky Behaviour





nav.xhtml


  applsci-10-06608


  
    		
      applsci-10-06608
    


  




  





media/file2.png
Determine the factors of
motorcyclists’ risky riding behavior
that could lead to accident

v

* Demographics of the respondents
* Ranking the risky riding behavior,

risk perception and positive affect

iestionnaire:

v

Data Collection:
Online

Face-to-Face

!

!

Data Analysis ¢

Preliminary Analysis

Principal Component Analysis (PCA)

Model Estimations and Causal Relationship Analysis
Structural Equation Modelling (SEM)

v

Eesults and Conclusion






media/file5.jpg
MEAN VALUE

§ &
.
H
o
nom s v s wos oo ms
VAnABEs (uskpencEPTON) A (posvE Asrec)
® ®

X3 X5 X7 X9 X1l X13 XI5
'VARIABLE (RISKY BEHAVIOUR)

MEAN VALUE

(©)





media/file3.jpg
r—





media/file1.jpg
Determine the factors of
‘motorcyclists risky riding behavior
that could lead to accident

1)

Questionnaire:
« Demographics of the respondents
* Ranking the risky riding behavior,

sisk perception and positive affect

)

Data Collection:
+ Online
© FacetoFace

y
0 S 1

Preliminary Analysis Principal Component Analysis (PCA)

!

Model Estimations and Causal Relationship Analysis
Structural Equation Modelling (SEM)

1)

Results and Conclusion






media/file7.jpg
AGE:EX

Y1-Y15

PC

2215

X1-X15






media/file10.png
- Y1
-~ Y2
Y3

Y4

——— Y5
Y6

——

YT
Y8
| YN
Y14

Y Ex Z6
AGE 7
i Z11
Z12
RP
Z13
PA Z14
RB
X1 / X4 X5 X14
A Y 3 A






media/file9.jpg
L] L >
AcE
7 e
|
S e
v &=
- |
v
-l
70 e
Ve
-
S
o
v
o 8
o
o
i a it
D i i s






media/file0.png





media/file8.png
Y1-Y15

Z1-715

X1- X15






media/file6.png
MEAN VALUE
O L N W A WU

LLd
>
= 2
>
<
< 1
LLd
Y1 Y3 Y5 Y7 Y9 Y11l Y13 Y15 /1 73 75 77 79 711 713 715
VARIABLES (RISK PERCEPTION) VARIABLES (POSITIVE AFFECT)

(a) (b)

; I""IIll"lIlI

X7 X9 X11 X13 X15
VARIABLE (RISKY BEHAVIOUR)

N

MEAN VALUE
=

(c)





