
International Conference on Logistics and Transport [ICLT2012]

still large variances in the results across related publications.

researchers remain to conduct analyses, presenting and interpreting the results. Hence, there are

and frequently, there are few guidelines and even fewer standards of the SEM application that
various international journals. Although the SEM application of road accident is used regularly
employed in many related research articles as a tool to analyze the primary data which appear in the
conducting researches on the road accidents. Furthermore, Structural Equation Models are

structural equation modeling (SEM) has become well known among those empirical researchers who are

accidents researchers, this new statistical approach was not popular at the beginning. But recently,

been attracted many marketers and consumer behavior researchers since then. For the road

was not used pervasively until 1980 when it was brought by Bagozzi(1980). This technique has

among latent variables which is originated by Sewall Wright's in 1916 (Bollen, 1989). This model

The Structural Equation Models (SEM) is defined as the method for measuring relationships
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future with advance level.
of Structural Equation Modeling (SEM) and indicating guideline for road accident research in the
Originality/value: The results of this study are presented understanding situation of application

more understanding.
accident researches which the developed model is able to describe causes of road accident with
Practical implications: The findings lead to development of SEM model to apply in road

decade. However, this study was excluded other forms of published applications of SEM.
applications of SEM from the previous publications in the international journals in the past
Research limitations/implication: This study was resulted from reviewing literatures related to

in the model such as Mediator analysis and Moderator analysis etc.
empirical data. However, they lacked of advance statistical analysis of the variables relationship

Findings: The findings of this paper focus on empirical applications of SEM which include: (1)

methodological issues gleaned from reviewing those literatures.

employed to analyze published applications of the Structural Equation Modeling (SEM) and identify
Modeling (SEM) in Road accident research. A systematic literature review methodology was
Design/methodology/approach: This paper is focused on the applications of Structural Equation

accident research and identified some significant research gaps for future research.
Purpose: This study is presented the applications of Structural Equation Modeling (SEM) in Road
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Figure 1 The Presentations of SEM, PA and CFA models (Goldstein and Shah, 2005)
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hypothesis about a pattern of linear relationships among a set of observed and unobserved

indicators of the underlying constructs. Moreover, the SEM model is defined as a priori

directly measured because multiple MVs naturally represent the SEM which is served to be

independent (exogenous) or dependent (endogenous). LVs, hypothetical constructs, cannot be
(MVs) for short and unobserved variables (underlying or latent, LVs for short) that can be a nature
consist of observed variables which can be called manifest or measured, measurement variables

observed in terms of using a generally smaller number of unobserved variables. SEM models

specify, estimate, and evaluate models of linear relationships among a set of variables which are

used in road accident research. In addition, Structural Equation Modeling is defined as a tool to

of SEM models is limited by the researcher because other types of CSM models are not often
Accordingly, it could be seen that SEM models are a subset of CSM models. The current review

circumplex models, as well as all SEM models, as well as all SEM models.

class of models including ARMA time series models, multiplicative models for multi-faceted data,

and structural equation modeling (SEM). Long(1983) mentions that CSM represents a common

which are frequently used interchangeably in road accident covariance structure modeling (CSM)

and (3) model measurements. At the beginning, we define a different when using two conditions

research about road accidents in terms of related criteria such as (1) sample size; (2) variables;
to conduct the research, there are three objectives. Firstly, we differentiate the published
review of the literature of road accidents seems to take time and has to be warranted. Accordingly,

correctly. Because of the complexities of using SEM and revealed problems in other fields, a specific

disregard many significant issues. He notices that it could be insufficient guidance about using SEM

researcher should realize about it. Steiger (2001) states that there are many SEM textbooks
application, there is no review on road accidents. What is more, there still some issues that
organizational research (Medsker et al., 1994). Even though there are various fields of SEM
2000), strategic management (Shook et al., 2004), logistics (Garver and Mentzer, 1999), and
2003), marketing (Baumgartner and Homburg, 1996), MIS (Chin and Todd, 1995; Gefen et al.,
For example, the SEM reviews which appear occasionally found in psychology (Hershberger,
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size should be ten times the number of free parameters (Hoogland and Boomsma, 1998).
(Bentler and Chou, 1987; Bentler, 1995); and (4) with strongly kurtotic data, the minimum sample
be at least five times of the number of free parameters in the model, together with error terms
least fifteen times for number of MVs (Stevens, 1996). (3) Sample size for ML estimation should
Loehlin, 1998; Boomsma and Hoogland, 2001). (2) Sample size of ML estimation should be at
necessary to reduce biases to an acceptable level for any type of SEM estimation (Kline, 1998;

estimation methods, there are several proposed heuristics: (1) A minimum sample size of 200 is
normal data are involved. According to Monte Carlo studies of the performance of various
method is frequently used, which also requires a sufficient sample size, particularly when non-
(ML), generalized least squares (GLS), weighted least squares (WLS), and etc. However, the ML
mostly commonly used SEM estimation methods today are: normal-theory maximum likelihood
Bentler, 1990; Bentler and Yuan, 1999; Bollen, 1990; Hoogland and Boomsma, 1998). The
Sample size issues have been attracted by several authors (e.g., Anderson and Gerbing, 1988;
Sample size
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and (3) model measurements including issues related to evaluation, interpretation and presentation of
simultaneously. In this research, we concentrate on three issues: (1) sample size; (2) variables;

for evaluating a measurement model or examining the fit of structural relationships, separately or

Having said about SEM, there are many significant issues which have been considered whether

Critical issues in the application of SEM

Emerald, SprinkerLink, ProQuest and Science Direct.

term "road accidents" and "Structural Equation Models" in different four main databases including
results based on the application of SEM in the research on road accidents by using the search

researches clearly to avoid investigator bias. Moreover, the researcher dedicated to present the

explore the systematic way and determine the criteria to select the reports of the previous

Cook et al. (1997) suggests that to apply a systematic review in the research, it is necessary to

In this study, a systematic review of literature is used to gain more accurate results and validity.

Methodology

significantly different. As a result, regression and PLS models are not included in our review.

SEM, therefore, this leads to the problems and concerns in conducting these analyses resulting a
Additionally, the fundamental assumptions in PLS and regression are less constraining than
approaches is the critical decision whether to use PLS or SEM (Anderson and Gerbing, 1988)
relationships (i.e. parameter estimation) in SEM. The theoretical difference between these

variable(s) which are compared to the development of theory and testing in the form of structural

purpose of regression and PLS models are to predict the variance of explanation in the dependent

and each group of Latent Variables (LVs) while the scope of SEM is broader than EFA. The main

(EFA models). That is because the analysis of EFA only focuses on measuring variables (MVs)

analysis is not included such as Partial Least Squares (PLS) and Exploratory Factor Analysis

Structural Equation Models (SEM), which covers both 1) and 2). However, in this research, regression
are to study 1) Confirmatory Factory Analysis (CFA models) 2) Path Analysis (PA models) and 3)
under the topic how to apply SEM in the research on the road accidents. The scopes of this research

In this study, the researcher emphasizes on the articles which have been published internationally

Review of published SEM research

SEM, PA and CFA as can be seen in figure 1.
MVs. Long (1983) notes that to use SEM, researcher has to refer to three model types compost of

The patterns of directional and non-directional relationships are specified by PA models among
used in road accident researches are Path Analysis (PA) and Confirmatory Factor Analysis (CFA).
model rather than to 'find' a suitable model. Therefore, two special cases of SEM that are regularly

Gefen et al (2000) identify that the main purpose of using SEM is to establish the validity of a priori
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which is significant principle of these approaches.
the decision-making process and the risk perception such as Theory of Planned Behavior (TPB),
Driving skill, and the mood of Driver. In the study of driving psychology, it has been focused on
on the causes of risk-driving, which leads to road accidents such as Risk perception, Attitude,
about the mechanistic of road accidents. In the study of driving behavior, the researcher focuses
For the second group, it based on behavior and psychology approaches, which normally study

safety practitioners and other stakeholders.

by those researchers and policy makers. The triangle concept has traditionally been used by road
road and vehicle engineers). Eksler, (2010) agrees that the pyramid concept has been preferred

vehicle manufacturers and psychologists, or vehicle-road interaction, a broad study area of both

based on this concept. (e.g. the driver-vehicle interaction(interface), a large area of interest of
environment inside or outside moving vehicles. Many different approaches and theories are

relationship in a complex system of road safety. Human-being as those traveling can predefine

The triangle concept is based on an intuitive understanding. Among three factors present the

Figure 2 Road Safety Triangle
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factor and environmental factor (see figure 2).

For the first group, it based on road safety approaches which consist of human factor, vehicles

psychology approaches, and the integrated approaches.
could be categorized by three different groups which based on road safety approaches, behavior and
ave been taken from the previous adapted models. Accordina to the study of SEM application. it
y multiple MVs that serve as indicators of the underlying constructs. The sources of variables

LVs are hypothetical constructs that cannot be directly measured, and in SEM are typically represented
(Latent variable: LV) that can be independent (exogenous) or dependent (endogenous) in nature.
SEM models consist of observed variables (Measured variable: MV) and unobserved variables
Variables in SEM model

international publication.

size, a certain number of observations per parameters estimated has been use widely in

number which has been used in the SEM application research. Having discussed about sample
which use both approaches. For the minimum of sample size, 100 sample sizes is the least
to the previous researches on the road accidents, it found that there are several related articles
first two approaches are totally different, the latter two have been studied extensively. According
Marsh et al., 1988), and through conducting power analysis (MacCallum et al., 1996). While the
certain number of observations per parameters estimated (Bentler and Chou, 1987; Bollen, 1989;
establishing a minimum (e.g., 200), having a certain number of observations per MV, having a
estimation method (Tanaka, 1987). Suggested approaches for determining sample size include
such as number of MVs per LV, degree of multivariate normality (West et al., 1995), and
SEM is deceptively difficult to determine because it is dependent upon several characteristics

fit, and statistical power. MacCallum et al (1996) question that how large a sample should be for

Adequacy of sample size has a significant impact on the reliability of parameter estimates, model
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be found in the laboratory research and correlational research(Baron and Kenny, 1986). In the
accident have not found a study of influence transmitted through Moderator variables which can
The study of application of Structural Equation Modeling (SEM) in research works relating to road

Figure 4 Mediator and Moderator effects
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influences are transmitted through mediator variables or intervening variables.
presented the influence of variables consisting of direct effects and indirect effects. These

have used correlational research to study the casual relationship of variables which have

interesting point of the application of SEM. The research works relating to road accidents still

factor analysis of latent variables and observed variables. Nevertheless, the study was found the

effect to explain the causal relationship of latent variables in SEM, and including confirmatory

Equation Modeling (SEM) and data collected, determining the influence of direct effect and total

The study was found that most research was focused on measuring the compatibility of Structural

Model Measurements

occurrences. However, the study still is not found clear principles in integrating factors.

occurrences. These developments will enable us to more understand the mechanism of accident

divided into clear causes. There is a complexity of characteristics and mechanisms in accident

which is interesting developments because the practical accident cannot be categorized and

The last group is a combination (integrated approaches) between first group and second group

belief as Figure 3.

aforementioned Intention will push behaving. These 3 factors will be occurred by a fundamental
these 3 factors except actual behavioral control still affect to the Behavioral Intention, and
behavior control). In addition, actual behavioral control does not only believe that it will be controlled,
and their perceptions or beliefs that present their behaviors in the right direction (perceived
they are attitudes toward behavior, deference to Influence of people all around (subjective norm),
According to the Theory of Planned Behavior (TPB), the person will behave with causes which

Figure 3 Theory of planned behavior (Piriyawat, 2008)
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