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Abstract

Safety culture is part of organizational culture, and assessing corporate safety culture as a means of increasing safety performance is gaining
acceptance. Based on Cooper’s reciprocal model, this paper studied the effects of managerial safety commitment and workers’ personal safety
attitude as well as the organization safety management system (SMS) towards individual safety compliance and participation, and their
relationship with safety performance. Questionnaires were obtained from employees and contractors of a large steel company in 14 functional
departments. Modified reciprocal safety models were verified by structural equation model (SEM). The SMS and personal attitude have effects
on compliance behavior. Participation behavior was influenced by the SMS and management commitment. Perceived performance was affected
by compliance and participation behavior and management commitment as well. Successful implementation of a SMS will strongly motivate
the workers’ participation in safety activities and compliance with safety regulation. Managers’ strong commitment toward safety is essential to
foster safety performance. A Good safety attitude will motivate the worker to follow safety regulations for self-protection but does not
encourage him to participate in safety activities. Increasing managerial safety commitment such as concerns about workers’ safety participation
activities and participation safety activities will directly motivate the worker’s safety participation.

Keywords: Safety Culture, Safety Performance, Safety Management System, Structural Equation Model

1. Introduction

The beginning of connecting safety culture to accident investigation and analysis was traced to the Chernobyl nuclear
accident in 1986, when the International Nuclear Safety Advisory Group (INSAG) introduced the term ‘safety
culture’ to denote that management and organizational factors are important to safety, and since then safety culture
has drawn attention of safety specialists and researchers [1]. Furthermore, the term ‘safety climate’ is often used in
conjunction with safety culture, with little if any differentiation between the concepts.

Safety culture is part of the organizational culture, and numerous definitions of safety culture have been proposed in
the safety literature, and some review papers also address the comparisons of these definitions, the definitions can be
grouped into two categories - socio-anthropological and organizational psychology perspectives. Research on the role
of organizational and psychosocial factors influencing risk behaviors and the likelihood of injury at work showed that
safety climate (culture) has great impact [2]. Guldenmund noted the characteristics of organization culture including
constructed concept, stability, multiple dimensions, shared by people and various aspects. Wiegmann et al. noted the
commonalities among various definition of safety culture, including shared value within an organization, safety
issues and safety management system concerns, emphasis on contributions by all members, impact on behavior at
work, and contingency between reward systems and safety performance.

Assessing corporate safety culture as a means of increasing safety performance is gaining acceptance. The Baker
Commission Report on the British Petroleum refinery 2005 explosion states that deficiencies in process safety
culture, and management or corporate oversight, are not limited to BP, and urged companies to evaluate company
safety culture regularly and thoroughly [3]. Recognizing the importance of safety culture in preventing occupational
accidents has led to numerous attempts to define and assess this culture by means of different dimensionalities and
combinations, and to develop valid and reliable survey questionnaire sets [4-7]. Most of safety culture questionnaires
were developed in two steps, starting from a descriptive model study and then combining the results of previous
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studies. Researchers documented psychometric properties for the questionnaire, but significant shortcomings
remained to the establishment of an association between safety climate/culture and safety-related outcomes.

Researchers have carried out empirical studies to determine the content of safety culture other works have reviewed
these studies in an attempt to identify similar elements, but several inconsistencies are apparent, and the authors’
idiosyncratic labeling of safety culture indicators make it difficult to reconcile them. Flin identified six common
themes addressed in safety culture papers: i.e. management commitment, safety system, risk, work pressure,
competence, and procedures/rules in their 18 review papers. And two factors, employees’ involvement and
management commitment to safety, have been properly replicated across all studies.

2. Theoretical Framework

Numerous safety culture models have been proposed. Grote and Kunzler presented a social-technical model, which is
schematic but lacks means of assessment. Based on Bandura’s model of reciprocal determinism, Cooper presented a
reciprocal model of safety culture; this model recognizes that people (psychological), organization (situational) and
behavior are key elements to form an organizational safety culture. Here ‘people’ refers to personal safety perception
such as manager commitment and workers safety attitude; organization situation can refer to safety management
system; and behavior can be related to safety performance of each individual. Neal and Griffin presented a model
identifying the linkage between safety climate, safety knowledge, safety motivation and safety behavior; these
authors demonstrate that safety knowledge and motivation mediate between safety climate and self-reported safety
compliance and participation.

Based on Cooper’s reciprocal model, and Neal and Griffin’s emphasis on compliance and participation as elements of
individual safety performance, this paper studied the “people" effect of managerial safety commitment and workers’
personal safety attitudes and “organization” effect of the organization safety management system towards ’behavior”
effect of individual safety compliance and participation, and extended the relation connecting to perceived group
safety performance. The proposed model is shown in Fig. 1 and hypotheses were listed as follows:

HI1: The implementation of an Organization’s safety management system (SMS) positively influences workers’ safety
compliance and safety activity participation.

H2: Personal attitude positively influences workers’ safety compliance and safety activity participation.
H3: Management commitment positively influences workers’ safety compliance and safety activity participation.
H4: Management commitment predicts perceived group safety performance.

HS5: Workers’ safety compliance and safety activity participation mediate the relationship between perceived group
safety performances and antecedents ( i.e. personal attitude, management commitment, and SMS).
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Figure. 1. Proposed model

3. Research Method
3.1.  Samples

Cooper and Phillips recommended that an organization’s functional departments are the appropriate level of analysis
and aggregation of individual response6, so we chose 14 different functional departments of a steel company for
sampling. The samples include employee and long-term contractor workers, sampling rate is about 10% of the
working population, 1379 questionnaires were distributed and 1127 valid samples were received, yielding a valid
sampling rate of 81.7%. Demographics of the study sample are shown in table 1. Respondents reported their degree
of satisfaction with the indicators on a five point Likert scale ranging from “Strongly Disagree” (1) to “Strongly
Agree’ (5).

Table. 1. Demographics of study sample

Variable Item Number Percentage %
Gender Male 1047 93.9
Female 68 6.1
~30 147 13.2
31~40 315 283
Age 41~50 238 21.3
51~60 391 35.1
61~ 24 22
Position Management 109 9.8
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supervisor 275 24.7
Engineer 137 12.3
Safety 103 9.2
personnel
Operator 491 44.0
~ly 101 9.1
1~2y 193 17.3

Year of

working 2~5y 172 15.4

experience
5~10y 370 332
10y~ 279 25.0

3.2. Measurement Scales
3.2.1 Safety measurement system (SMS)

SMS is considered as a set of integrated mechanisms in the organization, sometimes referred it as a safety program,
which is designed to control the risks that may affect worker’s safety and health, and many authors have stressed the
importance of effective implementation of SMS. Previous researches have debated the contents. Fernandez-Muniz et
al. listed policy, incentive, training, communication, planning and control as the six constructs to form SMS, while
Guldenmund proposed SMS to contains risks, hardware design and layout, maintenance, procedures, manpower
planning, competence and commitment totaling seven constructs. There are also some other proposed measurement
scales for the SMS conceptl1, and no consensus has been reached yet.

Today, in order to pass OHSMS accreditation by international standards and guidelines [17], elements of SMS are
completely formed in most big organizations, so the questionnaire on SMS is meant to survey the execution
effectiveness. As safety policy is strongly related with management commitment, we consider as adequate an SMS
that contains five key dimensions: risk of workplace, training, procedures, communication, incentives, and verified
by second order confirmatory factor analysis.

3.2.1.1 Risk at the workplace

This variable measures the risk level of the working place, including clean up of the working environment, layout of
operation machines, and safety equipment. Referred constructs in previous papers include “risk of workplace” [18]
and “environment condition”. Three measurement items are used.

3.2.1.2 Procedure

This variable measures the availability and usefulness of safety procedures, referred constructs in previous papers
include “safety control” procedures and rules” [9]. Three measure items are used.
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3.2.1.3 Communication

This variable measures the effectiveness and smoothness of transferring safety information to workers and their
responses to a safety request. Referred constructs in previous studies include “communication” [19] “communication
and support” [20] and “communication channel” [21]. Four measure items are used.

3.2.1.4 Training

This variable measures the existence of a training plan and how effectively safety training is related to workers’ jobs.
Referred constructs in previous studies include “safety training” [22] and “education and knowledge” [23]. Three
measure items are used.

3.2.1.5 Incentive

This variable measures the extent to which the firm encourages workers to participate in activities for reducing risk.
Referred constructs in previous studies include “incentive to participation” [19] and “S&H encouragement and
discipline” [18]. Three measure items are used.

3.2.2 Management commitment

This variable measures the perception of workers and supervisors to the commitment of firm’s managers toward
working safety. This commitment can be manifested in the positive attitude and behaviors concerning working safety.
Referred constructs in previous studies include “management attitude” [22], “corporate attitude” [18] “management
commitment” [24]. Four measure items are used.

3.2.3 Personal safety attitude

This variable measures the perception of workers or supervisors of the priority of safety in daily jobs, and the
willingness to be corrected while exposed to unsafe conditions. Referred constructs in previous studies include
“perceived safety priority” [7] “employee commitment” [23] “safety attitude” [5]. Three measure items are used.

3.2.4 Determinants of safety performance

Safety compliance and safety participation are components of workers’ individual safety performance .They are
concerned with determinants to group safety performance.

3.2.4.1 Safety participation

This variable measures the extent to which workers participate in activities of improving working safety and concern
for co-workers’ safety. Referred constructs in previous studies include “worker's involvement” and “safety
participation” . Four measure items are used.

3.2.4.2 Safety compliance

This variable measures the extent to which the workers abide by the firm’s safety practices and to urge their
co-workers to do so. Referred constructs in previous studies include “compliance with practices” [25] and “safety
compliance” [26]. Three measure items are used.

3.2.5 Perceived group safety performance

This variable refers to the perception of safety improvement for the whole group, including the sense of working risk
reduction and higher safety caring. As most workers do not have group injury rate data at hand, this measurement is
quite subjective, the validity will be verified by comparison with the actual safety performance of a functional
department. Referred constructs in previous studies include “dangers in workplace and accident while working” [27]
and “perceived safety at work™ [14]. Three measuring items are used.
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3.3.  Actual Safety Performance

Traditional measures of safety performance rely on accident and injury data, another technique is behavior sampling
to see whether workers work safely or unsafely [28]. Reduction in accident and incident rates are considered to be the
best result-based measure for safety culture [29], but using objective accident data to measure safety performance is
notoriously problematic, and accident or injury data are insufficiently sensitive, unstable, of dubious accuracy,
retrospective, and ignore risk exposure [20]. Johnson used “total recordable injury rate” (TCIR), “loss working time
cases rate” (LWTCR) and “behavior % safe” to measure group safety performance [26]. In our study, the correlation
between the actual safety performance of a functional department and its measurement was studied to evaluate the
validity of the measurement. Group data of “safety suggestion cases per person per year (SSR)”, “OHSAS safety
audit conformity rate (ACR)” and “loss of working time injury cases per million working hours (LWTCR)” from
2008-2009 were chosen to check the correlation to measurements of safety participation, safety compliance, and
perceived safety performance, respectively.

4. Results

4.1. Estimation of Measurement Model

Measurement data were analyzed by statistics programs SPSS/PC version 15.0 and AMOS version 7.0 for
confirmatory factor analysis (CFA). Effectiveness of the measurement model was separated into two groups: (1) the
safety management system (SMS) part, including 5 constructs, workplace, procedure, training, communication and
incentive (2) all the rest of the constructs, including personal attitude, management commitment, compliance,
participation and perceived safety performance. The model fit results are shown in table 2. All the criteria were
perfectly fitted except normed y2 which was a lit bit higher than 3.0; the reason could be the big sample number.

Table 2 Results of First Order CFA Model Fit

Other
Criteri construct
Model Fit Index a SMS constructs S
Judgmen
Value Judgment Value t
v2/df (Normed-y2) <3.0 3.43 Fair 3.74 Fair
Goodness-of-fit (GFI) >0.90 0.966 Good 0.959 Good
Comparative fit index (CFI) >().95 0.981 Good 0.977 Good
Normalized fit index (NFI) >0.90 0.973 Good 0.969 Good
Adjusted Goodness-of-fit (AGFI) >().80 0.950 Good 0.940 Good
Root mean squared error of approximation
(RMSEA) <0.05 0.046 Good 0.049 Good

4.1.1 Reliability

The reliability study indicates the degree of internal consistency between the multiple variables which make up the
scale, and represents the extent to which the indicators or items of the scale are measuring the same concepts [30].
For the purpose of guaranteeing the maximum reliability of the scales proposed, Cronbach’s o coefficient and
Composite Reliability Index were calculated for each construct. Cronbach’s a is a coefficient that measures how well
a set of items measures a single latent construct. A value greater than 0.7 is considered an adequate indication of the
reliability of causal relations [30]. Bagozzi and Yi also recommend that the composite reliability index exceed
minimum level of 0.631. In table 3 and table 4, Cronbach’s o and composite reliability index of all constructs exceed
the acceptable thresholds, and thus implied adequate reliability of measurements.
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4.1.2 Construct validity

Construct validity determines the extent to which the operation of a construct actually measures what it is designed to
measure and that includes content validity, convergent validity, and discriminate validity.

4.1.3 Content validity

Content validity assesses the extent to which individual scale items cover the range of meanings included in the
concept32 . The evaluation is subjective, since it depends on the opinion of a group of experts about the procedures
used in the development of the scale and about the constructs and variables that it contains. A team consisting of
scholars and safety specialists was formed to review all the questionnaires, and refine the measurement after a pilot
test. Further analysis was conducted to assess the psychometric properties of the measurements.

4.1.4 Convergent validity

The convergent validity of a concept evaluates the degree to which two measures of the same concept are correlated.
Convergent validity was assessed by using standardized factor loading (1) between a measurement variable to the
corresponding latent variable [33]. A strong condition of convergent validity is that A must exceed 0.5 and be
significant at the 95% level. Average variance extracted (AVE) of each construct exceeds 0.5 is another supporting
criterion for convergent validity [34]. All standardized factor loadings in table 3 and 4 were greater than 0.5 and
loaded significantly (p<0.01) on its underlying construct. With the support of all constructs’ AVE greater than 0.5,
convergent validity of measurements was confirmed.

4.1.5 Discriminant validity

Discriminant validity indicates the extent to which two conceptually similar concepts differ, and was verified by
Anderson and Gerbing’s methodology, which involves estimating the confidence interval of the correlation
coefficient between constructs, with the aim being to ensure that no interval contains 1.0. This test is equivalent to
testing the null hypothesis that the coefficient of correlation between two constructs is equal to 1.0, so that the
constructs cannot be said to be significantly distinct. In both table 3 and table 4, no any dimensional correlation
confidence interval contains 1. Construct pairs with correlation greater than 0.9 (PR-CO, CM-CP, CM-PN) was
further validated by fixing the correlation at 1.0, and comparing the differences in the 2 statistics of the constrained
and unconstrained models, the results in table 5 showed significant difference. Thereby, the results provided adequate
support of discriminate validity.
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Table. 3. Results of Confirmatory Factor Analysis for safety management system

First order CFA for safety management system
Dimenzion | Cronbac Composite  Average Standard Dimensioc  Comela- Confidence
vanables ha Fehability  Vamance  Factor n- tion wterval of
Index Extracted Loading} | Dimen=zio COIT.
n
Fork ®x 5 5
EL;;?PIHE 0.830 0,843 0.627 WP-FR 0808 0.765-0 833
Flace-1 0. 745%* WE-CO 0790 0.746-0.837
Place-2 0.826%= WP-TH 0717+ 0.662-0.761
Place-3 0.80]1** WP-IC 0.645%* 0.576-0.710
Procedure 0.796 5 -z
(PR) 0.792 0.539
Prodr-1 0.734+* PR-CO 0924%= 08750963
Prodr-2 0.T75%* PR-TN 0.845%= 0.802-0 835
Prodr-2 0.733%= PR-IC 0.804%= 0.730-0.862
Communie- | 0845 -
ation (CO) 0.84% 0.593
Com-1 0.807+*= CO-TH 0.8E3** 0.841-0.911
Com-2 0735+ CO-IC 0.816*=* 0.765-0.863
Com-3 0.747%=
Com-4 0.T63+* TH-IC 0827+ 0.782-0.862
Traiming 0.894 )
(TH) 0.907 o764 Rezult of Model Fit:
Tran-1 0.914%= 1 (92)= 315329
Tran-2 0.867+* EMSEA= 0.046
Tran-3 0.340%=* GFI = 0,956
Incentive 0.816 - - CFI=0981
acy 0.815 0.595 NEI = 0.973
Inz-1 0.810%= AGFI=0.950
Ine-2 0. 7a7¥*
Inz-3 0.736%=
Second order CFA for safety management system
Result of Model Fit:
¥ (35)=328 404 EMSEA=0.047 GFI=0963 CFI=0.980
IFI=09380 NFI=0972 AGFI=02947

Table. 4. Results of Confirmatory Factor Analysis for Commitment, Attitude, Compliance, Participation and
Perceived Performance

First order CFA for Commnitment, Atfitude Compliance, Participation and Perceived Safety Performance

Dimension Cronbac Composite Average  Standard Dimension Comelatt Confidence
variables h a Felisbilit Vanance Factor - on interval
¥ Index Exiracte  Loading i | Dimension
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d
f:,"c’_'f;m“e” 0.859 0.236 0.561 CM-AT  0.670**  0.607-0.739
t {CD
ChI-1 0GR CM-CP 0QLge* 0.882-0.950
ChI-2 0. TIQe= CM-PE 0fg5=" 09330997
ChI-3 0. TEL%» CML-PE 0_BGo== 0 B25-0 900
Chi4 0_TQT %
Attitade 0801 0.822 0507 AT-CP QET2ee 0.624-0.720
(AT)
AT-1 0.T23em AT-PH RS 0 F80-0.683
AT-2 0. T22ew AT-EP 0.567%" 0.508-0.620
AT-3 0.E30es
Compliance 0833 0.837 0651 CB-FH 0. gg4== 08430910
(P}
CP-1 0. T5]1%= CP-PP 0_TEE=" 0.739-40.832
Cp-2 0. B43%n
CP-3 0. TETe= PH-EP N E 0. 7870875
Participation 08452 0.854 0.595
)
PH-1 0_TOq = Piesunlt of Modsl Fii:
PN-2 0.608** ¢ (106 =397.058
PH-3 0 B4g s PMSEA=0.049
FH-4 (g1 GFL =095
Perceived 0891 0.892 0.733 CF1=02877
Perfomancs HFI=0969
PFE) AGFT=0240
PP-1 O_BE5
PP-2 QBSTw
BP-3 0. B2G%"
Table. 5. 2 Statistic test of construct pairs of correlation greater 0.9
Dimsnsion- | Modsl af T Ax Criteria Resnlt
Dimension
FE-CO Comelaton =1.0 16 507473 546.687 | x°(3, Significant]
1.0 =7814
CM-CP Comeladon =1.0 16 882.041 674.122 Sigmificanil
Correlation # 13 207920 v different
1.0
CM-PH Comeladon =1.0 22 1156061 52.426 Significanil
Correlation # 19 303.635 v different
1.0

4.1.4 Second Order CFA of Safety Management System (SMS)

Marsh and Hacevar (1985) proposed Target Coefficient (TC) as the ratio of first order CFA %2 (chi square value) to

second order CFA 2. If TC is very close to 1.0, implying a higher order latent construct existed, then a second order

CFA can be a better model fit. In our case, TC (= 315.329 / 328.404 = 0.96) is very close to 1, so we conclude

workplace, procedure, communication, training and incentive could be aggregated as a second-order level of safety
management system. The second order CFA of safety management system is shown in Fig. 2, with model fit index of
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normed-y2 = 3.46, RMSEA= 0.047, GFI = 0.963, CFI = 0.980, NFI= 0.972, AGFI = 0.947, implied an acceptable
model fit.

————__ R™=0601

Workplace >

S B

0.831**

e R*=0.901

0.040%= Procedure >

e

o R20034

CommmjcatD

_— ——

Safety
Management
System

0.966%*

Figure. 2. Second Order CFA of Safety Management System Measurement Model

4.2.  Analysis of Structural Model
The structured model was examined by SEM, overall model fit indices are normed-y2 = 3.60, RMSEA= 0.048, GFI =

0.909, CFI = 0.956, NFI = 0.940. Only normed-y2 is slightly greater than 3 due to the large sample size, all others
satisfy the commonly recommended threshold of respective indices. These indices suggested that the structural model
fit the data adequately. Standardized path coefficients are shown as Fig. 3.

Af;_}, w,  051g*
Aanasement
Q}'stem /

Figure. 3. Structural Model (Modified Reciprocal from SEM Analysis)
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With regards to testing the hypotheses, we got the following results:

H1: An Organization’s safety management system (SMS) positively and significantly influences workers’ safety
compliance (f=0.919, p<0.01) and safety activity participation (=0.680, p<0.01). Hypothesis H1 is fully supported.

H2: Personal safety attitude significantly influences workers’ safety compliance and (B=0.075, p<0.01), and
positively (B=0.036, p+0.05) but not significantly related to safety activity participation. Hypothesis H2 is partially
supported.

H3: Management safety commitment significantly influences workers’ safety activity participation (f=0.288, p<0.01)
and positively (f=0.120, p+0.05) but not significantly related to safety compliance. Hypothesis H3 is only partially
supported.

H4: Management safety commitment significantly predicts group safety performance (f=0.289, p<0.01). Hypothesis
H4 is supported.

HS5: Workers’ safety compliance (=0.226, p<0.01) and safety activity participation (f=0.365, p<0.01) significantly
mediate the relationship between group safety performances and antecedents. Hypothesis H5 is fully supported.

4.2.1 Analysis of Concurrent Validity

In order to verify the effectiveness of a questionnaire related to actual group safety performance, group averaged
measurement value of compliance, participation and perceived safety performance of 14 functional departments of
the target company were correlated to “safety suggestion cases per person per year (SSR)”, “OHSAS safety audit
conformity rate (ACR)” and “loss working time injury cases per million working hours (LWTCR)” respectively.
SSR, ACR and LWTCR records were obtained from database in the target company from 2008 to 2009. This analysis
provided the concurrent validity of the relations between measurements and actual safety performance. The results in
table 6 showed positive and significant correlation between Compliance and ACR (y =0.600, p<0.05) as well as
participation and SSR (y =0.768, p<0.01). Whereas the correlation between perceived safety performances and
LWTCR is -0.474, higher injury rate will decrease the perceived safety performance as commonly understood, but
correlation data is not statistically significant, the reason can be instability of LWTCR as most researchers agreed.
The correlation statistics confirmed the concurrent validity of our measurements to some extent.

Table. 6. Pearson Correlation Table of averaged measurement and actual safety performance of a functional

department
S
Mean | Dev. | A B c |o | |F
A-Complisnce 4.201 08 1
B-Participation 4181 | 110 |g39g+w) 1
C-Perceived Performance 2212 Q44 [ROG**) |.BEO(*") 1
D-Safery SuzgsstionRate | 470 | 538 |8630*%) |7e8(ee) |T2a00 | 1
E-Audit Conformance Fate | 774 | o002 |.600¢) | 37| 1s9| 002 I
F-Loss Work Tims Case Ea
? MELEEREE L s | s leston | -zse| -ama| -3ss| s 1

5. Discussion

Our study confirmed Cooper’s reciprocal model of safety culture; manager commitment and workers’ safety attitude
link to people’s psychological perceptions; the safety management system is able to represent the organizational
situation; workers’ compliance and participation together make up their behavior. The safety culture of the
organization determines the safety performance of the functional department.
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In our findings, we confirmed the second order latent factor of a safety management system, which consists of
training, communication, workplace risk, procedures and incentive. Successful implementation of a safety
management system will strongly motivate the workers’ participation in safety activities and compliance with safety
regulations, and further influence the safety performance. Companies passing OHSMS accreditation will not only
benefit good reputation but also ensure continuous implementation and improvement in safety, then employee safety
compliance and participation will be achieved.

We also find that managers’ strong commitment toward safety is essential to ensure safety performance both as a
result of direct influence and indirectly through workers’ safety participation. This finding agrees with many research
papers showing why safety leadership is receiving higher levels of attention in many successful enterprises today
[5,19,23]. However, management commitment is not significantly related to workers’ safety compliance, that implies
even if the manager talks about safety all the time, but without a systematic incentive program or communication
mechanism, workers will not be swayed to comply with safety regulations.

Another finding is that workers’ safety attitude is significantly connected to safety compliance, but it does not go as
far as participation in safety activities. That implies good safety attitude will motivate the worker to follow safety
regulations for self-protection from working hazards but it does not encourage him to care about others’ safety. The
atmosphere of group collective protection is relying on managerial encouragement, incentive programs and
communication mechanisms.

Concurrent validity verification results showed the safety compliance and safety participation measurement in this
questionnaire is significantly related to actual departmental performance determined by safety audit and safety
participation activities like safety suggestion, while safety performance measurement is negatively but not
significantly related to the group injuries rate record. This result gives us the confidence for using this self-evaluation
questionnaire for future application for the companies without a safety activities data collection mechanism.

6. Limitation and Future Study

First, even though this research has covered both employees and subcontractors in fourteen functional departments,
all aspects of the research were confined in one steel company and all operated under similar safety procedures, the
structural model needs to be verified for every different industry sector, such as petrochemical or even a service
industry. Second, while testing the concurrent validity between measurement and actual safety performance, safety
suggestion cases and safety audits both have adequate quantities and are stable, so there existed significant
correlation with measurement; but loss work time case rate (LWTCR) is unstable due to the low number of injury
cases. We recommend that our research target company launch a Behavior Bases Safety program and collect %safe
data to be studied as a stable group safety performance index to study the predictive validity effect of our
measurements in follow-up researches.

Moreover, the use of structural equation analysis does not provide evidence about causation, it only enables us to test
a series of hypotheses that were consistent with causal theory, hence further longitudinal assessment is needed to
provide validation of specific relationships in the model.

7. Conclusions

Workplace, procedure, communication, training and incentives could be aggregated as a second-order level safety
management system. The Safety management system and personal attitude have effects on compliance behavior.
Participation behavior was influenced by the safety management system and management commitment. Perceived
performance was affected by compliance, participation behavior and management commitment as well. The
correlation statistics confirmed the concurrent validity of our measurements.The reciprocal safety culture model was
empirically supported by the findings of this study. This research also demonstrated that management commitment to
safety, workers’ personal safety attitude and implementation of a safety management system played key roles in
encouraging workers’ participation and compliance of safety procedures and leading to better safety performance.
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8. Impact on Industry

Our research not only identifies the important ingredients of safety culture, but also indicates the steps to improve
safety performance. Starting from upgrading managerial safety commitment, a manager shall be concerned about
workers’ safety participation, safety activities, and safety training effects, personally participate in safety activities
and observe workers’ behavior in the workplace, frequently talk about safety in meetings and so on, in a way that will
directly motivate the worker’s safety participation. Second, the organization should establish and develop a safety
management system and implement the system consistently. Having the SMS accredited by an outside agent based on
international standards and guidelines is a good way to achieve this. Through regular audit, the system itself will
enforce the organization to operate properly. The SMS shall include not only procedures for workers to comply with,
but also shall have incentive program to encourage the workers to participate in safety activities like making safety
suggestions, safety observation, and safety experience sharing. And safety training to enhance workers’ safety
attitude is also required to motivate worker to comply with safety procedures.
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