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ABSTRACT

Safety culture has become an important issue in research and industry field due to its latent implications
on safety performance. The main aim of this research was to develop a reliable tool to measure
organizational safety culture in a quantitative way. First, the dimensions and components of safety
culture were analyzed and an integrated safety culture model (ISCM) was developed for describing
the two-level structure of safety culture. Second, two forms of safety culture evaluation index system
were constructed and every index was described in intrinsic latency and extrinsic indication level. Then
the weights of index were determined using the Delphi method and the reliability of the index system
was also examined based on data from survey. Third, the fuzzy comprehensive evaluation procedure
on safety culture was proposed and the evaluation case was also given. The application case proved the
effectiveness and reliability of this measurement tool.
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1 INTRODUCTION
Safety culture is a natural part of organizational culture and alludes to individual, job and
organizational features that affect and influence health and safety [1]. It was proposed as a
term by the International Nuclear Safety Advisory Group of the International Atomic Energy
Agency (IAEA) in 1986 after their analysis on the nuclear reactor accident at Chernobyl [2].

Generally within complex sociotechnical systems, around 75% of all accidents and
safety-compromising incidents are attributed to human errors [3]. However, human failure of
the frontline operator, in many accidents, represents only a superficial cause. As a matter of
fact, lots of accidents could be traced to organizational reasons [4—7]. The Swiss Cheese
Model and organizational accident theory developed by James Reason indicated that the root
reason of individual unsafe acts always could be found on organizational level, and organiza-
tional factors would affect human and local workplace factors through latent conditions
pathways. Safety culture is a major part of these latent conditions and always determines the
efficiency of safety management of high-risk organizations. Standing on this perspective, it
was generally accepted that organizational accident is the consequence of poor safety culture.
Managing safety has become increasingly more important in aviation and other high-reliability,
safety critical systems [8]. Safety culture will play a more critical role in improving safety as
the International Civil Aviation Organization pointed out ‘An effective way to promote a safe
operation is to ensure that an operator has developed a positive safety culture’ [9].

Lots of theories and models regarding safety culture have been developed in such diverse
domains as risk management (e.g. [10, 11]), human factors [12], aviation (e.g. [13]) and so
on. Reason [14], Cooper [1], Wiegmann [12], Edwards [15] and Bentley [16] both researched
the definition of safety culture and identified the dimensions and components of safety cul-
ture. Though there have been numerous fruitful products in this filed, the tool of measuring
safety culture in a quantitative way was rarely detected in previous research. Obviously,
safety culture measurement plays a key role in the safety improving process because it can
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evaluate the current state of a particular safety culture, as well as determine whether interven-
tions have been effective in achieving a desired cultural change.

In the European Commission FP6 project called HILAS (Human Integration into the
Lifecycle of Aviation Systems, AIP4-CT-2005-516181), one of our main tasks was to develop
an applicable safety culture measurement tool for aviation organizations. Based on task
requirements, we proposed an Integrated Safety Culture Model (ISCM) and developed a
complete safety culture measurement tool kit including evaluation index system, question-
naire and implementation program [17, 18]. This tool kit has been applied into several airlines
for safety culture survey in China and Europe. This paper aims at introducing the whole work
of developing the new safety culture measurement tool and an implementation case of its
application.

2 INTEGRATED SAFETY CULTURE MODEL
2.1 Definition and dimension

In our research, safety culture was defined as follows: ‘safety culture is the assembly of
values, beliefs, attitudes, norms, organizational characteristic behaviors and environments
which are concerned with safety, created and nourished in the long-term process of organiza-
tional producing practice, and accepted by most members in an organization’.

Safety culture was described as a two-level structure of intrinsic latency level and extrinsic
indication level. Safety philosophy is attributed in latency level, and safety environment and
safety behavior are attributed in indication level (see Fig. 1).

Safety philosophy represents an individual’s values, beliefs, perceptions and attitudes
about safety at a psychological level. Safety environment means hardware and software
provided by an organization for ensuring safe operation of that organization. Safety behavior
means both organizational and individual behaviors in safety practice. Meanwhile, we can
see from Fig. 1 that the three parts of safety culture will affect each other, e.g. (a) all of intrin-
sic dimensions could be embodied in extrinsic dimensions; (b) working environment will
affect people’s safety behavior through affecting their psychological state like mood, senti-
ment and so on.

Safety philosophy and safety environment contain three dimensions each, and safety
behavior contains five dimensions, it is as shown in Fig. 2 and full explanation of every
dimension could be found in the work of Wang et al. [17].
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Figure 1: The two-level structure of safety culture.



Lei Wang & Ruishan Sun, Int. J. of Safety and Security Eng., Vol. 4, No. 1 (2014) 79

Safery Culture Extrinsic frfication fevel : Intrinsic fasency level
Priority Organizational |
Culture Safety
Commitment |
e Safety - Silf.\'[j |
Standardizing Organization environment | |
Culture —— ¥
Sufety | Safety
Regulation and | valtes
e Rule
Flexible s | -
Culiure AR , | Safery Safery
Sulely Upcration philosophy consciousness
Hehavior [ = z
Learning — | Safety
Culture @ Safety attitudes
Information |
Exchange LY |
- = Sufety behavior
leamwork Safety Educati |
Culture IRy LOUCALIoN
and Training |
Safet l
: Safeny
R('?l'";l’m':b' Management |
L Behavior |
i |
Safety Kewards |
Just Culture and Pumishment
|

Figure 2: Integrated safety culture model.

2.2 Integrated safety culture model

Meanwhile, safety culture was classified as seven sub-cultures which are safety priority
culture, standardizing culture, flexible culture, learning culture, teamwork culture, reporting
culture and just culture. In a safety priority culture, both organizations and individuals can
consider safety issues as a priority when they make every decision and behavior in their work-
place. In a standardizing culture, organizational regulations, rules and standards are complete,
applicable and up to date; individuals also can comply with those regulations, rules and stand-
ards completely. In a flexible culture, both organizations and individuals can discover and
resolve safety matters well, when they face risk and change. In a learning culture, both organ-
izations and individuals show positive and supportive attitudes and behaviors to all kinds of
learning, including education, training and self-learning. In a teamwork culture, individuals
behave with a trusting attitude and a spirit of cooperation to their co-workers. They share
knowledge and skills and join in each other’s activities. In a reporting culture, organizations
will actively gather and analyze all kinds of safety information and individuals will present a
positive attitude and behavior in relation to reporting and communicating safety information.
In a just culture, both the reward and monitoring system are complete and operated fairly for
everyone. Most individuals within the organization feel satisfied about this.

Then the ISCM was put forward based on the definition (Fig. 2). The model divided safety
culture into intrinsic latency level, which includes all dimensions of safety philosophy, and
extrinsic indication level, which includes all dimensions of safety environment and safety
behavior. The eight dimensions in extrinsic indication level could be attributed to the seven
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safety sub-cultures, and then the model demonstrated the potential relationship between
safety sub-culture and all safety culture dimensions [17].

3 EVALUATION INDEX SYSTEM AND QUESTIONNAIRE

3.1 Structure of index system

The evaluation index system was used to develop the safety culture questionnaire; therefore,
the index system should be complete and indices should be logical enough for accurate meas-
urement on safety culture. Based on ISCM, two forms of safety culture evaluation index
system was presented, one of which was categorized from the perspective of the extrinsic
indication dimensions of safety culture as Fig. 3, and another one was from the perspective
of the sub-culture component as in reference [18].

Obviously, it is quite difficult to evaluate safety culture through measuring intrinsic dimen-
sions such as an individual’s philosophy/mental state. However, we have mentioned that all
of the intrinsic dimensions could be embodied in extrinsic dimensions, so safety culture
could be evaluated through measuring extrinsic dimensions. Two forms of index systems
contain the same third layer indices, their differences just exist in position and sequence.
These two forms make it possible to evaluate safety culture from the two different perspec-
tives. Each evaluation index was described in detail in reference [18].
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Figure 3: One form of evaluation index system.
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3.2 Weight of index

The Delphi method was used to calculate the weighting of the different indices. The main
steps of determining index weight in this research and the calculation method of rating score
was shown in previous work [18].

3.3 Questionnaire

A safety culture questionnaire was designed as showing in the Appendix based on the index
system and there were 1 or 2 questions matched with each evaluation index.

3.4 Reliability analysis

One hundred and twenty-three copies of the questionnaires were distributed to a local airline
in Tianjin, and the data was used to examine the reliability of the evaluation index (the con-
sistency of a set of tests or questionnaire items). The obtained alpha coefficient, using SPSS
13.0, of the 20 items is 0.856, which indicated that the scale has adequate reliability. The
overall reliability (Cronbach’s alpha) of the survey varies from at the lowest 0.833 to the
highest 0.856 if one of the items is deleted. None of the values is greater than the current
alpha of the whole scale (0.856), so it is not necessary to delete any of the items to improve
the reliability score of this scale.

4 THE EVALUATION METHOD

The method of multifactor hierarchical fuzzy comprehensive evaluation is used to evaluate
these factors attributing to safety culture. The evaluation index system has two levels; conse-
quently, the comprehensive evaluation method will be preceded twice. First, the evaluation
results of the first layer indices are figured out according to fuzzy comprehensive evaluation
of the second layer indices, and then the evaluation results of the whole safety culture could
be obtained after the fuzzy comprehensive evaluation of the first layer indices. The detailed
steps are as follows:

(1) Factors set and the alternative set
The index sets in the first layer:

U= {ul,uz,...,u,,} = {ul,uz,u3,u4,u5,u6,u7 } = {Priority Culture,
Standardizing Culture, Flexible Culture, Learning Culture,
Teamwork Culture, Reporting Culture and Just Culture}

The index sets in the second layer is just similar to the first layer.
The alternative set:

V ={vl,vz,...,vm}={vl,vz,V3,v4,v5}={1, 2.3, 4,5}

(2) Weights assignment
The weight set of the first layer index:

4= {a]9a23 a3, dy,ds, dg, a7}
The weight set of the second layer index:

A; ={an,ap,...a5 },i=12,...,7
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(3) Fuzzy relationship matrix

Fuzzy comprehensive judgment matrix R reflects the relationship between index and evalua-
tion grade, namely the fuzzy relationship from U to V. The judgment matrix of the second
layer index can be got from statistical results of the questionnaire. First, the membership
degree uj; and single factor judgment value ry should be calculated by formulas as follows:

uy = Ny, /0 (1)
v =u}j/V1+u,§-/V2+ ....... +u3-/V5 2)

n indicates the number of questionnaires returned; V., (m=1.23.45) indicates the evaluation
grade; i indicates the appearance frequency of the evaluation grade V, (m = 1,2,3,4,5).
Then we can get judgment matrix of the second layer indices as following.

i i i i i
ni N2 n3 N4 ns

i i i i i
"1 2 3 24 s

Ri=ryxs = €)
i i i i i
il 2 "3 Th4 "ns
i=12,..7

n indicates the number of second layer indices.

(4) Compound operation on index layer
Make compound operation on the second layer index:

i i i i i
1 2 13 14 s
m'omt omt o ns

B[=AiXRi=(a[1,ai27~-vain) “)
i i i i i
"l T2 Tn3 Tna Tns

= (bi1,bi2,bi3,bia,bis)

B, indicates the evaluation result of Index u,.
The fuzzy comprehensive judgment matrix for the first layer index could be expressed as:

by b by by bis A1 A2 M2 M4 s
by by by by bos o Tn Ty hy o I

R = P1xs = = (5)
by by byz by bys T TR F R YO O

On making compound operation on the first layer index:

ni n2 n2 N4 ns
1 2 3 124 15
B :A XR = (al;a27a3,a4;a57a6,a7) (6)

71 1 r73 774 s
:(b19b27b3:b4>b5)
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If the evaluation grades were matched with the corresponding score C = (20,50,70,85,95)7,
the score of safety culture evaluation can be calculated by S = B-C, and we can also get the
score of each sub-culture by S, = B;-C..

5 A MEASUREMENT APPLICATION

For verifying the effectiveness of the safety culture measurement tool proposed in this paper,
a safety culture survey was conducted in one European airline, which was the HILAS partner.
The safety culture survey was administered in the maintenance division of the surveyed
airline. Forty-four copies of the questionnaire were distributed to the operational staff and
management in June, 2009. All questionnaires were in usable condition and included in the
analysis. Most respondents were male (91%). Most (68.2%) had been employed by the air-
line for less than 5 years, with 22.7% indicating that they had held their present position for
5-10 years. Of the respondents, 59.1% had 12 or 13 years of formal school education and
20.5% had 15 years of formal school education.

The final total score of safety culture in this organization is 69.29. It ranks as ‘Average’
according to Table 1. The final score and rank of this survey shows that the current status of
safety culture is at an average level. It means the safety culture is positive, but there still is a
large scope for improvement. Meanwhile, for further and better understanding, we made a
histogram to illustrate the score differences between all safety sub-cultures (see Fig. 4).

The total average score is derived from averaging the individual component scores. As
shown in Fig. 4, there are no significant differences on the seven sub-cultures. But the score
of the Standardising Culture (74.30) and Teamwork Culture (75.15) is higher than others.
Obviously, it means these two sub-cultures are better than the other ones. First, most of the
organizational regulations, rules and standards are complete, applicable and up to date; most

Table 1: Conversion rank of evaluation score.

Score 100-90 89-80 79-60 59-40 39-0
Rank Excellent  Good Average Poor Very poor

£ 222828

B 3

=

=
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Figure 4: Score distribution of safety sub-culture.
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of staff also can comply well with those regulations, rules and standards. Secondly, most of
the staff behave with a trusting attitude and cooperative skill (see above) to co-workers, and
they share knowledge and join in each other’s activities.

6 CONCLUSIONS

This paper examined the method and process of developing a new safety culture measure-
ment tool based on Integrated Safety Culture Model. This model divided safety culture into
intrinsic and extrinsic levels. All dimensions of safety philosophy were contained in intrinsic
latency level and all dimensions of safety environment and safety behavior were contained in
extrinsic indication level. The potential relationship between the safety sub-culture and all of
the safety culture dimensions was illustrated in this model. Meanwhile, it provided the possi-
bility of evaluating safety culture from these two perspectives. Following this, two forms of
safety culture evaluation index systems were constructed and every index was described.
Then the weights of the index were determined using the Delphi method and the reliability of
the index system was also examined based on data from survey. Meanwhile, the question-
naire was designed and a fuzzy comprehensive evaluation solution on safety culture was
proposed. The final safety culture measurement tool was also worked out and has been imple-
mented in several aviation organizations in China and Europe. The results indicated that this
safety culture quantitative measurement tool is effective and applicable and expected to be
used in more diverse fields.
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APPENDIX: SAFETY CULTURE QUESTIONNAIRE
How well do you think each of the following statements applies to your organization accord-
ing to the five point scale of ‘strongly disagree, disagree, unsure, agree, strongly agree’.

No. Questions

1 Safety is given a definite priority when it conflicts with the company’s other interests
e.g. economic.

2 Each work phase has corresponding safety goals. To ensure the safety goals are
achieved the responsibilities of each phase are clear.

3 Each work phase/location is equipped with sufficient equipment, labour and financial
resources.

4 Tam satisfied with working conditions and the equipment/tools used in my work.

5  The safety management committees/departments/managers perform their duties and
play an active role in preventing and disposing accidents.

6  The safety rules/regulations are imperfect and inapplicable, so there are few effective
rules for us to follow during the work.

(Continued)
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No. Questions
7  The safety rules/regulations cannot be updated in a timely manner, so there are few
effective rules for us to follow during the work.
8  Ido not know the safety rules that should be followed during the work.
9  Even if I know those safety rules, I don’t always comply with them fully.

10  Safety inspection and risk assessment are carried out regularly in my company.

11 The defects or hazards found in safety inspection and risk assessment will be
rectified promptly.

12 Tam given sufficient opportunities to make suggestions and participate in the safety
decision making and implementing process.

13 Violation events happen frequently in my company.

14 There is an active learning atmosphere within my company.

15 Tam used to improving my skills through learning actively.

16  Team spirit and cooperation are well promoted in my company.

17  Tam happy to offer help when my colleagues need support or assistance at work.

18  When other people make mistakes at work, I don’t always point them out
immediately, as I think it’s none of my business or I'm afraid of making that person
feel embarrassed.

19  Ican discover the latent defects/risks during my work.

20 I can take effective timely prevention measures after discovering latent defects/risks.

21  Safety education and training are carried out frequently in my company.

22 As aresult of safety education and training, the ability of staff to recognize and deal
with risks has been improved significantly.

23 Self-learning and knowledge-sharing among staff are encouraged in my company.

24 There are various ways to facilitate knowledge-sharing in my company, such as
establishing network based platforms for communication, holding seminars and
distributing brochures.

25  Safety information reporting, including mandatory and confidential safety reporting,
is carried out in my company.

26 The company safety information reporting system is operated well and used widely.

27  1often contribute and obtain all kinds of safety information through the company
safety information reporting system.

28 I cannot always receive feedback in a timely manner after I make safety suggestions
to safety management leaders.

29 I can often learn from incidents/accidents that have happened.

30  Ican often improve my experience and knowledge through communicating with my
colleagues.

31  The rewards and punishment measures of the company are fair, just and open.

32 I am satisfied with my company’s rewards and punishment measures.




