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ABSTRACT

Studies on safety culture and safety performance have been increasing recently and several proposed models have been
developed and evaluated to identify their key dimensions. However, many studies focus more on measuring the scales
of the safety culture and safety performance dimensions. This study aims to seek a deeper understanding of the overall
structures of safety culture, safety performance and their relationships by using exploratory and confirmatory factor
analysis along with the structural equation modeling (SEM) statistical technique, because the above-mentioned concepts
and technique have been seldom employed and are uncommon in manufacturing companies, in terms of Taiwan. We
first carry out a thorough literature review and propose an integrated model of safety culture and safety performance
with eight dimensions and four dimensions, respectively. We then state a series of hypotheses and test the proposed
model on a sample of 370 valid data from three manufacturing companies in Taiwan. Results show that the third-order
safety culture associated with second-order safety performance model turns out to be the desired model, where both the
measured variables and latent variables have good reliability. The proposed model meets many criteria of the goodness

of fit aswell.
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1. Introduction

Occupational safety and health management is an effi-
cient way to increase industrial safety. People recognize
how to improve on the limitations of health and safety
problems by improving the technique and hardware.
Adopting a safety work system and establishing work
safety rules could improve the safety and health condi-
tions, but some people do not obey the rules during the
work period; therefore, efficiency is still limited. Many
companies try to improve their safety and health condi-
tions by three stages. The first one is the technique im-
proving stage. This stage is comprised of engineering
improvement, renewing of machines, engineering control
systems, ventilation systems, and using PPE, etc. The
second is the stage of improving the safety and health
system; improving occupational safety and health only
by controlling the hazard factors is not enough. Therefore,
a safety management system is employed to establish a
safety policy and safety structure to improve the safety
performance by staff participation. However, safety man-
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agers redlized that improving safety and health by the
previous stages is not enough; The last stage is created,
as so-called safety culture. This safety culture could be
employed to improve the safety performance in compa-
nies. Safety culture and performance are both important
ways to increase the degree of safety and health in an
extensive work environment. Safety behavior can be im-
proved by establishing a safety culture, even safety per-
formance and degree of safety. Evaluation of safety per-
formance has the following benefits. understanding the
risk degree of safety and health, continuing improvement
of the system, increasing the efficiency and potency of
organizational communication, distributing the resource,
and finding the basic problems of safety and health, etc.
Safety performance [1] is defined as the overal per-
formance of the organization safety management system
in safe operation [2], and which is divided into three
types [3]. Safety culture is defined through the sharing
the safety concepts, safety attitude, safety opinions, and
safety behavior in each staff regarding the policy of
lessening exposure risk, way of doing, procedure, and so
on for preventing accidents and diseases from occurring.
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Though many safety culture models have been developed
and tested by various researchersin an attempt to identify
the key dimensions of safety culture [4-14], an overall
structure of safety culture and safety performance and
their relationship are still undeveloped. Only until re-
cently applications of the structure eguation modeling
(SEM) to identify the structure of safety management,
safety climate and firm performance have been proposed
and assessed [15-20]. Concepts and techniques were sel-
dom applied in manufacturing companies. This study
with a view based on the previous studies [21-24] is to
integrate and construct an overall structure of the safety
culture and safety performance model and then to utilize
SEM techniques to test if the theoretically driven struc-
ture of the proposed model will be reflected in the data.

2. Methods
2.1. SEM

SEM is a datistical method for testing and estimating
causal relationships with the combination of statistical
data and qualitative causal assumptions. It is more like a
confirmatory factor analysis (CFA) technique, rather than
an exploratory factor analysis (EFA) technique, i.e., us-
ing SEM to determine whether a certain model isvalid to
find a suitable model, although SEM analyses often in-
volve certain exploratory elements. We start with a hy-
pothesis, represent it as a model, and use confirmatory
factor analysis to measure the patterns and confirm
whether the observed variables can be effectively ex-
plained by the latent variables. Then we test the potential
causal relationship between variables by comparing the
estimated matrices representing the relationships between
variables in the model to the actual matrices. To perform
the analysis, the constructed safety culture and safety
performance models were submitted to a confirmatory
factor analysis using the Amos17.0 software program.

2.2. Assessment of Fit

There are more than ten of measures of fit, and in this
study we used Goodness of Fit Index (GFI), Adjusted
Goodness of Fit Index (AGFI), Comparative Fit Index
(CFI), Root Mean Residua (RMR), Root Mean Square
Error of Approximation (RMSEA), and Normed Chi-
Square ( ;(Z/df ) to determine the overall goodness of fit
to the sample data. Their acceptable criteria are listed in
Table 1. The Amos program provides multiple indices to
ascertain the model fit. It is appropriate to present a se-
lection of various fit measures since different measures
of fit capture different elements of the fit of the model.

2.3. TheModels
To perform the analysis, the following safety culture and
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performance models are assumed, constructed and ac-
cessed:

1) Null model: usually used as a baseline model as-
suming that safety culture and performance model do not
have any common factor existing and hence al the ob-
served variables are mutually independent.

2) First-order single factor model: assuming that all
the observed variables are not mutually independent and
instead having one common factor.

3) Second-order single factor model: similar to first-
order correlated multi-factor model; it further assumes
that all the first-order factors can be explained by a
common factor with higher order.

4) Second-order multi-factor model: further assuming
that instead of having a single second-order factor, a
correlated multi-factor will be appropriated.

5) Third-order single factor model: the highest order
this study approached.

The overall safety culture and safety performance ques-
tionnaire consists of 103 items that are associated with
eight global factors for safety culture and four global
factors for safety performance, respectively. For safety
culture the following were specified: commitment & sup-
port (CS), communication & involvement (Cl), training
& competence (TC), supervision & audit (SA), man-
agement system & organization (SO), accident investi-
gation & emergency response (AE), attitude & behavior
(AB), reward and punishment & benefits (RB) were
specified. For safety performance the following were
identified: workplace safety organization (WSO), work-
place safety management (WSM), workplace safety con-
trol (WSC), workplace safety behavior (WSB).

3. Results and Discussions

The results of this analysis are presented in Table 2 and
Figures 1-4. Systematic testing of series of first-, sec-
ond-, and third-orders of correlated and uncorrelated
factors models were performed. The research hypothesis
of this study was as follows for demonstrating and dis-
cussing: 1) Safety culture can be composed of eight di-
mensions which are correlated; 2) The eight dimensions
of safety culture can be explained with dimensions of a

Table 1. Measures of fit and their criteria (Baumgarther et
al., 1996).

Measures of fit Acceptable criterion

GFl >0.9 or >0.8
AGFI >0.90r>0.8
RMR <0.05

RMSEA <0.08

CFI >0.9

7 / df <2or<3
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Table 2. Summary of overall measures of fit.

Overall measures of fit

Model
GFI AGFI RMR RMSEA CFI 7 [df
Null model 0.034 0.015 0.403 0.145 0.000 8.876
First order single factor model 0.332 0.305 0.049 0.083 0.679 3.547
First order single factor model
(safety culture vs safety performance) 0.484 0.464 0.043 0.073 0.755 2.948
Second order single factor model
(safety culture vs safety performance) 0.568 0.550 0.042 0.061 0.826 2.386
Third order single factor model
(safety culture vs safety performance) 0.569 0.551 0.041 0.061 0.828 2371
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Figure 5. Third-order single factor model (safety culture) with 36 items.

higher level; 3) Safety performance is composed of four
correlated dimensions; 4) The four dimensions of safety
performance can be explained with dimensions of a higher
level. From Table 2 and Figure 4 we can see that the
third-order single factor of safety culture vs the second-
order single factor of the safety performance model fitted
the data well. That is, the eight global factors represent
the first-order factors; organization, managerial, and in-
dividua commitments as the second-order factors; and
the safety culture as the third-order factor; four global
factors represented the first-order factors and safety per-
formance as the second-order factor of the safety per-
formance. However as shown in Table 2 the GFl and
AGFI are far from being acceptable.

Copyright © 2012 SciRes.

One way to analyze the model more effectively is to
reduce the total of 103 items to a reasonable degree. To
do this, the following requirements were applied:

1) To assure model consistency all factors are consid-
ered equally important such that each factor will remain
4 or 3 items. That is, model with total of 48 items and 36
items, respectively.

2) Cronbach’s alpha coefficients of each of the twelve
factors must be greater than 0.8.

3) The loading factors of all selected items must be
greater than 0.7.

4) All the acceptable criteria of the measures of fit in
Table 1 must be achieved.

Finally, 36 items with a maximum overall alphavalue

OJSST
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Table 3. Overall measures of fit with reduced items.

Third-order singlefactor model

Overall measures of fit

(safety culture vs safety performance) GFI AGFI RMR RMSEA CHI 4 / of
With 48 items 0.780 0.757 0.031 0.057 0.932 2.218
With 36 items 0.845 0.822 0.028 0.053 0.958 2.018

of 0.980 were obtained and satisfied all the measures of
fit as shown in Table 3. The extremely high Alpha val-
ues of al factors assured that the underlying structure of
the factors was appropriate. The third-order safety cul-
ture model was constructed. The final model is presented
in Figure 5. It can be shown that the model is excellent
since all the standardized path coefficients are greater
than 0.7.

4. Conclusion

Proposed safety culture and safety performance models
were constructed, tested, and verified. Results showed
that the third-order single factor safety culture vs second-
order single factor safety performance model is the de-
sired model where the measures of fit are fulfilled and
both of the observed variables and latent variables have
good reliability.
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