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Abstract. Recently, the global aviation industry has started to promote Safety 
Management System (SMS), and thus consider the enhancement of safety cul-
ture as an essential. To meet the growing demand of safety culture assessment, 
we cooperated with China Airlines (CAL) in Taiwan to develop a safety culture 
questionnaire using both qualitative and quantitative methods to meet the needs 
of their operation environment and to take the theoretical researches of safety 
culture into account. During the development process, we continuously inte-
grated the opinions from the industry experts, and effectively established a safe-
ty culture assessment tool that not only conforms to the actual operation of the 
airline but also to the requirement of reliability and validity. Although the statis-
tical results show both the strengths and weaknesses of CAL’s safety culture, 
the hidden reasons of the shortcomings or unstated ideas of workers are still 
remained undiscovered in this phase. In the following, we would use the focus 
group method to help examining the potential causes of those low score facets 
of safety culture, and to develop follow-up recommendations to improve CAL’s 
safety performance accordingly. 
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1 Introduction 

Despite the aviation technology have obtained significant progress since the early 
twenty century and flight accidents for design and mechanical factors have substantial 
reduced correspondingly, it is unfortunately that people who use and maintenance 
aircraft don’t evolve with the advancement of technology. As modern people, we still 
have no difference to our ancestors on cognition, decision-making, action, and so on.  
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According to the safety report of International Air Transport Organization (IATA), 
about 70% of the flight accidents are caused by human factors in these two decades. 
Without any doubt, human factors do play an unreplaceable role in contemporary 
flight safety management.  The field not only include the behavior and performance 
of first-line workers (e.g., pilots, maintenance technician, air traffic controllers, dis-
patcher, and so on), but also covers the impact of the environment, management, and 
the organization function. Among these, one of the most popular issues is the influ-
ence of organizational safety culture in recent years. 

Safety culture was first appeared in the accident report of Chernobyl nuclear power 
plant by the International Atomic Energy Agency (IAEA, 1992). The report con-
cluded that no sound safety culture led to the operators’ error and thus was one of the 
causes of the Chernobyl accident. Since then, the safety society starts aware that the 
overall safety culture of an organization has a significant effect on the safety perfor-
mance of the staff and the organization itself. If employees of an organization share a 
consensus such as “safety first”, the chance of human error can be reduced, and thus 
safety can be improved consequently. 

Over these years, researchers and safety-related industries have conducted lots of 
safety culture studies.  Although we still argue about the definition and the explicit 
composition of safety culture, most have agreed that compared to the safety policy and 
other "official" safety regulations, safety culture is the hidden or “unofficial” rules of an 
organization.  It is “the way things get done around here”, and is the shared values, 
principles, attitudes, and traditions in an organization. Many studies have proven that 
safety culture is usually the latent cause of human error, incident and accident, and have 
long-term impact on flight safety. Having a proactive safety culture will bring positive 
benefits to the long-term safety performance of an organization.  

In the aviation industry, ICAO has advocated Safety Management System (SMS) 
step by step for years asking all airlines to establish their own SMS mandatory.  In 
their Safety Management Manual, ICAO has emphasized the impact, progress and 
recommendations of safety culture. Under this trend, the airlines in Taiwan have 
gradually paid more attentions to their own safety culture, and have begun to seeking 
valid ways to enhance it in the long-term. 

In this study, in order to effectively assess the status of safety culture and to take 
account of national characteristics and conditions, we cooperate with China Airlines 
(CAL) to get their full support. We used both qualitative and quantitative methods 
such as pilot test, reliability, validity analysis and expert panel discussion during the 
developing progress. The attempt is to establish a suitable safety culture questionnaire 
to examine CAL’s safety culture, and to utilize the results to help developing appro-
priate recommendations for their culture improvement.  

2 Literature Review 

Safety culture might be slightly different because of in which nation, region, industry 
and corporate. Although the researchers of the safety management field might argue 
the definition of safety culture and deliver different description about it (Geller 1994, 
Clake 1999, Cooper 2000), the same purpose is hoping make a more explicit interpre-
tation of safety culture. 
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To develop a practical safety culture assessment tool to meet CAL’s need, we have 
reviewed related safety culture studies to clarify the dimensions of safety culture, and 
have combined our thoughts and the airlines’ professional opinions to propose our 
own safety culture framework. 

In this study, we simply defined safety culture as “the common characteristics of 
the organizations and individuals that is composed by the interactions between vari-
ous facets of personal, work and organization.” It will have a comprehensive impact 
on the cognition, perception and safety behavior of all members at work environment. 
Since safety culture involved many related components in the working conditions, in 
the management practices, and in the organizational functions, it is important to fur-
ther understand what issues should be taken into account in safety culture model.  

Many organizations have investigated historical events from safety culture pers-
pective to understand the reasons for the occurrence, and to improve its deficiencies 
as well. Government agencies, industries and researchers have continuously commit-
ted to the development of a comprehensive and applicable safety culture model, and 
have expected to use it to enhance the effectiveness of safety culture (Cole, Stevens-
Adams, & Wenner, 2013). 

In total safety culture model, Geller (1994) has proposed that safety culture con-
sists of individual, environmental and behavioral aspects. The individual dimension 
refers to the psychological and mind state such as knowledge, skills, abilities, intelli-
gence, motivation and personality. The environment dimension is regarded as hard-
ware, tools and SOPs. And the behavioral aspect is referred to as the conduct of safe 
performance, and comprises regulation compliance, hazard identification, communi-
cation and so on. 

Reciprocal model of safety culture is based on the social cognitive theory, and 
Cooper (2000) extended this concept into safety culture. The model is composed of 
the interactions of the individual psychological, behavioral and organizational level. 
Cooper argued that safety culture can be measured based on the three key dimensions. 
First, we could use safety climate survey to assess the safety attitudes and perceptions 
of individuals, conduct behavioral observation to evaluate the behavioral level, and 
then have an objective way to review the organizational safety performance.  

On the other hand, HSE (2005) has conducted a literature review and developed a 
safety culture assessment framework for railroad transportation industry. The frame-
work includes leadership, two-way communication, employee involvement, learning 
culture, and punitive attitude as the five core factors of safety culture. The various 
facets of safety culture, and the practical methods and guidelines to promote safety 
culture have been described in details in the HSE report. It provides great values dur-
ing the development of our safety culture model. 

Based on the progress of airlines’ SMS in Taiwan, Liou et al. (2008) claimed that 
using current accident rates to predict future safety performance is no longer the best 
way. A more forward-looking approach is applying the human factors concept to 
assess the safety factors that are related to the staff. Their research is based on the 
triangle architecture of safety management system (McDonald, Corrigan, Daly, & 
Cromie, 2000) that includes organizational strategy and policy, personal factors (abili-
ty, training and communication), and execution (working drills, equipment and  
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document). Liou et al. consider a sound safety management system should be able to 
effectively promote three above influencing factors, and thereby reducing the proba-
bility of flight accidents. 

Cox, Cheyne, and Alexander (1997) developed a safety culture model that includes 
individuals, organizations and behavior dimensions. The unique advantage of this 
model is the emphasis on the impact of the organizational management.  They be-
lieve that management attitude and commitment to safety will affect the subordinates’ 
safe behavior. Although Cox and Liou both address the influences of organization 
level, Cox points out in particular that behavior and promises of managers are more 
important than promotion of good safe behavior. 

After the integration of these proposed safety culture framework, we have devel-
oped a HF-centered safety culture model. The overall framework covers four levels: 
organizational system, executive, immediate supervisor and staff. 

The organizational system consists of safety policy, safety management system and 
organizational functionality and resources. We divided the management into top and 
immediate managers based on their different roles and management functions. The 
high-level executives would only focus on their commitment to safety, and for the 
immediate supervisor, we would like to evaluate their safety-related activities and 
attitudes. The last but not least, the staff level includes the safety attitudes and com-
munication of themselves and colleagues, and safety-related context at work place.  

The simple framework is shown in Figure 1. We argue that in an organization with 
poor safety culture, the influence flow between the four levels would be top-down 
only, but with a proper safety culture, both the communication and influence flow 
should be two ways. Conducting a safety culture survey would be a good progress to 
bring a consensus to both managers and employees and to enhance safety culture 
consequently. 

 

Fig. 1. Safety culture framework 

3 Questionnaire and Method 

Our safety culture model is referred to the relevant literature and based on the  
opinions of CAL’s experts and the operational characteristics of CAL. The selected 
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factors which were included in the model are considered to be effective to character-
ize the dimensions of safety culture in previous studies.  

Basically, this framework is found on the organization behavior concepts, and we 
try to generalize the relevant elements with safety culture from organization, man-
agement, and individual perspectives. The detailed composition of the safety culture 
questionnaire is shown in Table 1. 

Table 1. Safety culture mode architecture table 

Level Sublevel Element 

Organiza-

tional System 

Safety Policy 

Formal safety policy 

Long-term safety & risk management plan  

Safety performance indicator (SPI) man-

agement 

Total involvement 

Safety Mgmt. Sys. 

Self-audit 

Safety Reporting System 

Manual / SOPs / checklist 

Safety Training 

Recognition & disciplinary system 

Performance evaluation & promotion crite-

ria  

Org. Function and Resources 

Departmental responsibility 

Departmental interaction 

Safety investment & resource allocation 

Executive 
Safety commitment of top man-

agers 
Safety value of top executive 

Immediate 

supervisor 

Safety mgmt. of immediate su-

pervisor 

Safety attitude of immediate supervisor 

Control of immediate supervisor 

Conflict and performance management 

Communication of immediate supervisor 

Safety information exchange 

Staff 

Safety attitude & communica-

tion 

Personal safety attitude 

Colleagues’ safety attitude 

Interaction with colleagues 

Safety perception 

Power distance 

Job satisfaction 

Workload & fatigue 

Risk perception 

Change & self-adjustment 

 
The questionnaire has a total 27 elements with 78 questions. We have followed 

the steps below to establish a verified assessment tool. 

1. Conduct literature review to establish a draft framework. 
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2. Develop question database and conduct first expert panel discussion to discuss and 
screen all questions. 

3. Conduct pilot test, reliability analysis, and second expert panel discussions to ex-
amine the interpretative meaning and value of each question. 

4. Based on the quantitative and qualitative results of step 3, establish the final ver-
sion of the safety culture questionnaire. 

The subjects of the survey are the staff and immediate supervisor from CAL's 
flight operation (OZ) and maintenance (EMO) departments. We used random strati-
fied sampling with a sampling ratio 40% per unit, and the estimated sampling size is 
about 1,230. 

Because subjects might be equivocal with some sensitive questions and decide to 
answer neutral options, we actually chose the Likert six scales rather than five to 
eliminate the possible ambiguous option and to collect the subjects’ opinions explicit-
ly. The six options are ① "strongly disagree", ② "do not agree", ③ "somewhat 
agree", ④  "somewhat agree", ⑤  "agree", ⑥  "strongly agree" respectively. The 
higher the answer, the more agreement of the question statement. 

4 Analysis 

There are total 1,245 valid samples, and the effective response rate is about 93%. The 
actual sampling percentage of the OZ and EMO departments both effectively reached 
the goal of sampling rate, 40%. 

Most of the responses were from senior employees with seniorities are usually 
more than six years (OZ: 77% and EMO: 80%). The summary of the background 
information is shown in Table 2, and most background statistics are close to the over-
all population. This result effectively reflects the overall ideas from the employees 
about CAL’s safety culture. 

For reliability, the Cronbach's Alpha of the overall framework is 0.971. In Table 
3, we also checked all sublevels’ alpha values to check if their reliabilities still meet 
the acceptance level, 0.70. Except “Safety commitment of top managers” is not avail-
able for reliability analysis, the Cronbach's Alpha values of all sublevels are between 
0.734~0.931.  
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Table 2. Summary of subjects‘ background 

Flight Operation (OZ) Maintenance (EMO) 

Age 

25-34 24% 

Age 

25-34 12% 

35-44 44% 35-44 46% 

> 45 28% > 45 40% 

Seniority 

< 5 yrs. 18% 

Seniority 

< 5 yrs. 8% 

6-10 yrs. 34% 6-10 yrs. 18% 

> 10 yrs. 42% > 10 yrs. 70% 

Fleet 

A 34% 

Grade 

<= 

Grade7 

20% 

B 30% 
Grade 8-

10 

62% 

C 28% 
>= Grade 

11 

16% 

Pilot 

Training 

Background 

Self-

training 
28% 

Position 

Manager 
8% 

Company 48% Foreman 56% 

Military 18% Staff 32% 

Flight 

Hour 

< 3000 

hours 
16% 

License 

No 
32% 

3-6000 

hours 
22% Yes 

66% 

6-9000 

hours 
22% 

Work 

shift 

Yes 
46% 

> 9000 

hours 
34% No 

52% 

 
The correlation analysis is conducted to see if the data is consistent between OZ 

and EMO. As Figure 2, it is clear that the answers from two departments are highly 
correlated with a correlation coefficient 0.87. 

Table 3. Results of reliability analysis 

Level Sublevel 
No. of ques-

tions 

Cronbach's 

Alpha 

Organizational 

Sys. 

Safety Policy 7 0.824 

Safety Mgmt. Sys. 26 0.914 

Org. Function and Resources 6 0.774 

Executive 
Safety commitment of top man-

agers 

2 N/A 

Immediate super-

visor 

Safety mgmt. of immediate su-

pervisor 

17 0.931 

Staff 
Safety attitude & communication 11 0.812 

Safety perception 9 0.734 
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4. The low scored sublevels and elements  

Element EMO OZ

Recognition & disciplinary system 3.67 3.

Performance evaluation & promotion 

criteria 
3.86 3.

nd Re-
Departmental interaction 3.29 2.

Safety investment & resource alloca-

tion 
3.75 3.

anager Safety value of top executive 4.04 3.

mediate 

Safety attitude of immediate supervi-

sor 
3.67 4.

Control of immediate supervisor 3.93 3.

Conflict and performance manage-

ment 
3.54 3.

Workload & fatigue 3.87 3.

395 
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5 Discussion 

During the development of the safety culture assessment tool, our first priority is to 
make certain the tool is reliable and valid. The analysis results showed us an accepta-
ble reliability of the safety culture questionnaire in Table 3. With the continuing feed-
back from CAL’s experts during the study, we used a series of expert panel to ensure 
questionnaire covers important issues of safety culture and to verify the content valid-
ity as well. In the further study, we would use confirmatory factor analysis to examine 
the construct validity of the framework in details. 

Conducting a safety-related study is always sensitive and not easy in many indus-
tries. It is normal to only got hundreds of samples even the researchers have paid lots 
of efforts on samples collection. Without the full support of CAL in this study, it 
would be impracticable to have so many subjects (more than 1,000) in a single study 
to assure the representative meaning of the population. We believe this is a win-win 
situation and a success cooperation mode in aviation industry since the implementa-
tion of SMS. Both the industry and the academia need each other’s support to ensure 
the safety culture evaluation is reliable and effective. 

The quantitative data collection and analysis in this survey is just our first step. Be-
fore we could provide any practical recommendation to the airlines, we need further 
information regarding the hidden reasons and latent problems behind those low scored 
matters. These topics are worthy for further exploration to help the managers under-
stand the inner thoughts of the subordinates. Therefore, the statistics results in this 
study will be used as discussion topics in our second phase, focus group, to help us 
not only understand the causes of lower scored issues such as departmental interaction 
but develop useful remedies of safety culture as well.  

6 Conclusion 

In this study, we combined both qualitative and quantitative methods to take the aca-
demic studies of safety culture into account and to meet the demands of the operation 
environment. Without the expert panel’s opinions, it would be much harder for us to 
effectively develop a reliable and valid safety culture assessment tool. Although the 
statistical results show both the strengths and weaknesses of safety culture, the hidden 
reasons of the shortcomings or unstated ideas of workers are still remained undisco-
vered. Our next step is discussing the issues found in the study by focus group to fur-
ther explore practical ideas of safety culture improvement.  
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